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PREFACE. 



In 1900 the Wisconsm Geological and Natural History Survey 
issued a report on the clays and clay industries of Wisconsin by 
Dr. E. R. Buckley. In this bnlletin the geology of the clays and 
the individual plants were discussed in some detail, and a 
large number of clay analyses were made on samples from 
different localities in the state. 

Dr. Buckley's bulletin was published as Bulletin No. VII, 
Part 1, and it was intended to follow this by Part 2, which 
should contain the result of the physical and other tests on 
brick which were in progress but not completed when the 
bulletin was issued. Shortly after, Dr. Buckley resigned 
from the Wisconsin Geological Survey and accepted the po- 
sition of State Geologist of Missouri, and the completion of 
the report, was, therefore, rendered impossible. The present 
bulletin gives special attention to those points in the invest- 
igation of the clays which were left untouched by the preced- 
ing report. It is, however, a wholly independent report and 
is, therefore, issued as an independent bulletin and not as the 
promised second part of Bulletin No. VII. 

The writer, assisted by JVTr. P. L. Gallnp spent the sunamer ol 
1904 in the field studying the Tarions deposits and plants, and 
collecting a number of samples for tlie laboratory investigation. 
Nearly all of these samples were carefully taken either by the 
author of the present bulletin, or by his aarastant, and shipped 
to the laboratory for a earefnl study of their phymcal prop- 
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erties, with a view not only of determining their poseible range 
of applications, but also for the purpose of sapplying infor- 
mation to clay woi^ers seeking information regttrdiiig them. 

A second line of work has been die collection of a series of 
brick samples from most of the brickyards in the state for the 
purpose of test, and the results of these tests, given in Chapter 
y, have brought out a number of interesting and valuable facta. 

In re^>onse to many questions asked by the Wisconsin clay- 
workers, a chapter on the structure, chemical, and physical prop- 
erties of clays has also been incorporated in the report. Al- 
though a number of analyses were made for the earlier bulle- 
tdn, it was found denrable to make a few additional (mes, for 
the present paper. 

This statement is made in order to answer the numerous 
inquiries which the Survey has received from persons desir- 
ing the second part of Bulletin No. VII. 

The writer hopes that the investigation of clays, which is 
reported in this bulletin, wll aid in the development of the 
clay industries of Wisconsin and will help to increase the va- 
riety of the clay products In 1905 the value of the products 
of the clay-working industries of the state was $1,382,115. 
More than 90% of this value was in common brick. As the 
price of lumber rises, the demand for clay products in Wis- 
consin is certain to increase, especially for the finer varieties. 
Many of these can be supplied from the local clays of the 
state if their manufacture is taken up and placed upon a com- 
mercial basis. The tests of clays here reported should aid in 
the selection of suitable localities and in the finding of suit- 
able material for the development of the industry. 

The writ«r takes pleasure in here acknowledging the many 
courtesies received from the clay manufacturers in all parts of 
the state, and special acknowledgments are due to Dr. E. A. 
Birge, Director of the Survey, Mr. F. L. Gallup, who served 
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t throQghout the woi^, to Dr. S. Weidman, of flie 
Surrey, Profeaaor Victor Lenher of the Univeraty of Wiscon- 
ffln who made most of the analyses given in the following pages, 
ProfesBor U. S. Grant of Northwestern University, Mr. F. H. 
Merrill of Portage City, and Mr. Kirby Thomas of Superior. 
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THE CLAYS OF WISCONSIN AND THEIE 

USES. 



CHAPTER I. 



ORIGIN AND PROPERTIES OP CLAY. 

In this chapter it is proposed to discuas the gener&l structaral 
features and physical and chemical properties of clays, as well 
aa to point oat briefly the practical bearing of these facts, which 
freqa^itly exert an important influence on the method of 
mining, mannf actnre, and applications of the material. 

Clay defined. It would seem to stmie that a defluitdon of 
this m&terial is hardly necessary, nnce its two important prop- 
erties, viz., plasticity when wet, and change to a nx^-like con- 
dition when bamed are familiar to all, and yet sach a defini- 
ticm, if made in detail, often serves to point out hitherto un- 
obaerred characteristics. Clay may therefore be defined as a 
more or less plastic mixture of small mineral particles and or- 
ganic natter varying in size from those under one tbotwaiidth 
of an inch in diameter up to sand grains clearly visible to the 
naked eye, and including a variety of mineral species in all 
stages of decay. These mineral compounds consist chemically of 
oxides, carbonates, silicates, hydroxides, etc. The effect of heat 
is to decompose many of these, drive off volatile elements, and 
caose the clay to fuse to a hard mass. 

Clay, by an increase in the percentage of certain minerals 
may pass into other rock types, this diange being accompanied 
by the loss of its more characteristic physc^ feataree. Thus 
witii an increase in silica a clay will pass into suid, or in a 
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similar manner it may grade into marl by an increase in its 
lime carboEato contents. Curiously enough the percentage of 
sand or Hme carbonate often reaches considerable proportiona 
before the plastic qualities of the clay disappear. 

FoKMATioN OP CLAY. Clay deposits may be grouped according 
to their origin as primary and secondary, and both kinds are 
of importance in "WieeonsiD. 

Primary oe residual clays. These result from the demon- 
position of otiier rocks, especially ^ose containing feldspar, 
but they may also be formed from other types, even serpratine 
with no feldspathic minerals, yielding sometimes a very tough 
plastic clay. 

The formation of residual clay begins with the disint^rataon 
of the rock mass by frost and snn. This opens op a path for 
the soil waters which attack many of the mineral grains in the 
rocks, breaking them down to a clayey mass, but certain min- 









Fl'l. 1.— SectloD ahowlDK transltloD (tom reslduil city Into parent cock. 

erals like quartz and white mica are affected but little or not at 
all and may remain untouched even after all the other minerals 
in the rock have yielded to weathering influences. The gritty 
character of many of the clays in the residual area of Wisconsin 
is due to an abundance of angular grains and fragments of 
quartz. 

Since residual clays are the result of weathering processes, 
which begin at the surface and work their way into the KxA 
mass, those portions nearest the surface will be most advanced 
in their decomposition, and there will be a gradual tranmtion 
from the clay above into the parent rock below {Pig. 1). 
Residual clays vary in depth from place to place and even in 
the same pit the rock surface underlying the clay may rise and 
i:r-p.-.d ..V^nOO'^IC 



ORIGIN AXD PR0PSRTIB8 OF CLAY. 



fall, being within four feet of the surface at one point, and fif- 
teen or twent7 feet below it at another point not fifty feet dis- 
tant. On this account it is of the highest impcn'tance to pro»- 
pect such a deposit by careful boring, before attempting to 
work it. 
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The residual clays of Wisconsin are found under conditions 
differing somewhat from those in other states. Foirmed in 
early geological times, they were later covered by a protective 
layer of sandstone, which has also served to conceal them, and 
they are now exposed either where this sandstone has been worn 
away, or where the streams have cut down through it (Fig. 2), 
thus exposing them, on the valley slopes, or ndes of the chan- 
nel. 

Residual clays may show almost any color, but red and brown 
are perhaps tiie commonest. When free from iron oxide or 
nearly so the material is white, and this variety is termed kaolin. 
So far as the writer has been able to ascertain, no commercially 
valuable deposits of true kaolin have thus far been discovered in 
Wisconsin. 

Where unprotected, residual clays are eroded easily by rain 
or surface streams especially if the deposits are situated on 
ridges or steep slopes. Consequently, other things being equal, 
the thickest deposits are to be sought for on surfaces of little 
or no slope, or in depressions. 

Secondary or sbdimentaet clays. These have been derived 
originally from residual clays, whose particles have been waahed 
down into streams and carried out to seas, or lakes where they 
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have been deposited as sediment oa the bottom. Mingled witi 
the clay particles there is & variable amount of rock fragments 
or sand grains, thus producing a somerwhat heterogeneous mix- 
tare, which however possesses the plastic qualities of clay. 

These clayey sediments differ from residual ones in being 
stratified. Th^- have accumulated slowly, one layer on top of 
another, successive beds smnetimes being alike or jnst as often 
of the most diverse diaraeter. Any bed or series of beds may 
also and oft^i does show horizontal voriaticois. One of the 
best examples of this is seen in the appearance and disappear^ 
ance of sand layers in a clay deposit. Thus at one time there 
may be a bed of sand or sandy clay two or three feet thick in 
the middle of the clay bed, but as the working face is pushed 
ahead, this becomes thinner and thinner and finally disappears. 
Sometimes another one may take its place. Stratified clays 
are often of great thickness, much thicker than the residual 
clays. 

Stratified or sedimentary clays can be classified according to 
their mode or origin into, marine, estuarine, bovlder, lake, flood 
plain or terrace, and glacial clays. 

Marine clays are those deposited on the ocean bottom where 
the water is quiet, and are oft^ of great ext«nt and thickness. 
The only deposits of this type, found in Wisconsin, are (1) the 
Maqnoketa shale of Grant and Lafayette counties, which is 
amply part of an extensive deposit which extends southward 
into Illinois and westward into Iowa, and (2) the Cincinnati 
shale found in soatheastem Wisconsin. Their qualities seem to 
be quite uniform over a large area. 

Estuarine clays are tiiose laid down in fallow arms of a 
sea, of either continental or inland character, and areally the 
deposits are generally long and narrow. These clays are often 
finely laminated and in the Wisconsin deposits of this type 
show very littie sand. They commonly fill shallow depressions 
surrounded by sand hills {Fig. 3). Those of Whitewater, 
EdgertMi, Jefferson and New London are all excellent examples 
of this type. 

Lake clays include those which have been formed in lakes. 
Where the lake was small the clay deposit is usually basin 
shaped, but where iai^ this character is not observable. Small 
lake deposits are found on the surface in many portions of the 
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^Bciated area of the state, but th6 most extoinve are those 
fotmd along lakes Michigan and Sui>erior. These have beeo 
deposited daring a former ext^ision of the Great Lakes, and 
ore ^cteiudTelr distribated through the eastern and northern 
portions of the state. 




Via. t.— aectlon acrosi WIscodiId clay deposit of eatuailne type. 



Lake elays are usaall)' of high plasticity, and of low parity, 
and in Wiaconffln are mostly cream burning. 

Flood plain or terrace clays, are days, nsnally of silty char- 
acter, deposited by riveni daring periodfl of overflow. Th^ 
underlie the flat terraces or flood plains bordering many of the 
larger rivers and sometimes smaller onea CUtb of this type 
are liaUe to show both vertacal and borizcntal variation. Very 
few are worked in Wisconsin. 

Sovider days are tough, gritty d^s, often of stony charac- 
ter. They represent rock flour, the product of glacial grind- 
ing, and are mostly too stony for use. Very few deponto of 
this type are voiced in Wisconsin. 

ChaNGFES in clay deposits SUBSEQtTENT TO THBOl FORMATION. 
Both residual clays and stratified or sedimentery days may un- 
dergo seciRidary changes of dther physical or chemical character 
snbsequent to their formaticm. Only those affecting the Wis- 
consin clays will be mentioned, and neu-ly all are directly or 
indirectly, the result of weathering. They may include diange 
of color, leaching, softening, or consolidation. 

Color changes. Nearly all portions of a clay d^K)fflt, which 
have been exposed to tha weather for some time show various 
tints of yellow or brown, the common color of the nnweathered 
clay being gray, grayish brown or reddish brown. The colon 
produced by weathering, are caused by a rusting out or ozida- 
tioD of the iron oside which the clay contains, Ae depth to 



vVjoO'^lc 



Q THE CLAYS OF WISCOKRIN. 

which the weathering agents have penetrated the clay being 
often indicated by the extent of oxidation of the iron. ThiB 
shows great irr^ularity, being greatest along joint planes, or 
plant roots, and least where the clay is solid ; where the clay is 
overlain by sand or other material, this frequently serves as a 
protective covering for the clay underneath. Clays of black 
color due to carbonaceous matter, are sometimes bleached on the 
surface due to the oxidation of the carbon to carbon dioxide. 

Changes of color, caused by weathering, can be distinguished 
from variations in color of primary character by the fact that 
the former are most intense at the surface and shade off gradu- 
ally towards the interior, whether this direction be vertical or 
horizontal. 

Leaching. Most clays contain at least a small quantity of 
mineral matter soluble in water, and a still lai^r amount 
soluble in wat«rs containing acids. More or less surface water 
filters into a clay deposit, passing first through the soil where 
it abstracts a small quantity of organic or carbonic acids, which 
materially increase its solvent power. These weak acid solu- 
tions are specially active in dissolving the lime carbonate from 
the upper layers of calcareous clays and transferring l^cm to 
the lower beds, so that the upper 2 or 3 feet of a calcareous 
clay bank often show considerably less lime carbonate than 
the underlying strata, and may be even red burning. 

Softening. All clays, unless covered by heavy overburden 
are liable to soften or disintegrate on their outcrops, as the re- 
sult of weathering, especially frost action. In some instances 
the softening may be caused by the removal of soluble mineral 
jnatter which had cemented the particles together. 

Many clay manufactnrers take advantage of this natural pro- 
cess of softming and spread out the clay so that it can be ex- 
posed to frost, rain and sun, but none of the Wisconsin brick 
manufacturers do this. 

Concretitma are irregular nodules of limonite, siderite, or 
lime carbonate, which form in many clays, around a nucleus of 
pebbles or grains of sand. They are generally about walnut 
tnze, but occasionally are much lai^r. These concretions, when 
met in the calcareous clays of Wisconsin, are similar to lime- 
stone pebbles in their efifect, and unless screened out or crushed 
often cause the brick to split in drying and after burning. 
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Shales. These are consolidated clays, the hardening having 
been accomplished either by pressure of overlying sediments, or 
at times by a cementing of the grains, or both. Most shales 
will on grinding and mixing with water show as much plasti- 
city as surface clays. The only true shale of value to the clay 
woricer in Wisconsin is the Maquoketa or Cincinnati shale. 

The exauikation of clay pkoperties. Much expense is often 
saved by properly exploiting a clay property before erecting a 
plant, such examinations, coupled with laboratory investiga- 
tions or testa made at a factory, often preventing needless ex- 
penditare of money in the event of the day proving nnsuited 
to the uses to which it is contemplated putting it. 

It is never safe to pass final judgment on a clay from an ex- 
amination of the outcrops alone, since the section oftentimes 
varies in a few feet 

The presence of a clay bed can often be established from an 
examination of the soil, but better still from a careful inspec- 
tion of the sides of any natural or artificial cuttings such as rsr 
vines, and railroad or wagon road cuts. Well records of any 
sort may likewise give data of value. All of these, should how- 
ever be supplemented by a careful examination of the property, 
made either by boring a sufficient number of holes with a large 
auger, or by sinking test pits. Where time and money are 
available, the latter is preferable, and does not take much extra 
time, 88 one man can sink a pit 3x6 feet to a depth of 10 feet 
in about three hours. 

THE CHEMICAL AND MINER ALOGICAL COMPOSITION OF CLAYS. 

The composition of clay is of some practical importance, as it 
stands in close relation to its physical character, and the analy- 
Eds when properly interpreted can at times be used as a partial 
guide towards the probable physical behavior of the sutetance. 
Since the chemical composition of the elay depends on the min- 
eral species present in it, it may be well to refer to these first. 

MiNSBAi£ IN CLAT, The minerals most frequently found in 
clf^s are quartz, feldspar, caleite, dolomite, gypsum, mica, py- 
rite, iron ores, hombl^ide, and rutile. All of these with the ex- 
ception of quartz and mica are aa a rule present in such small 
grains that th^ are not visible to the naked eye, and can be de- 
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tected only with a microscope. Their general chanusteristicfl 
and effects are referred to below. 

Quartz or silica is absoit from few clays, whether rendual or 
sedimentary, forming most of the sand grains from thow 
clearly -visible to the naked eye, down to those forming the 
finest grit, detectable only with the teeth or microscope. Most 
of the sand and silt in the Wisconsin clays, therefore, conust of 
it. 

Quartz exerts a strong influence on the physical behavior of 
clays, for nnce it may be regarded aa a sandy impurity, an in< 
creamng amount of it lessens the air shrinkage, decreases the 
plasticity, and renders the body more porous in burning. 

Alone, quartz is highly refractory, and its presence in low 
grade clays tends to raise their Sre-resisting qualities, but 
when clays are heated to high temperatures, quartz reverses its 
behavior and fluxes with the alnmino, conseqttmtly in low or 
medium grade clays a slight excess of quartz is beneficial for 
their flre-resiBting qualities, but in Are clays it is detrimental. 

Feldspar, which is a complex silicate of alumina with either 
potodi, soda, or lime, is no doubt present in many clays, but the 
grains ore rare)y lai^ enough to be observable by the naked 
eye, for the reason that the mineral is less resistant to the 
weather than quartz, and hence breaks down easily into flne 
grains, which rapidly decay to clay. 

If presmt its effects on the plasticity, and air shrinkage is 
so far as known, much like that of quartz sand. It will also 
tend to reduce the flre shrinkage of a clay np to its fuson point, 
or point of fluxing with other more easily fusible elements in 
the clay. It is by no means as refractory as quartz, fuung at 
a temperature of about 11S0° C, the exact fusion point depend- 
ing on the feld^ar species present. 

On account of its fusibility and usual freedom from iron 
oxide feldspar is regarded as an important fluxing element by 
whiteware manufacturers. 

Mica, which is another silicate of complex composititHi, con- 
msts of silica and alumina, with other bases. There are two 
common species, known respectively as muscovite or white mica 
and biotite or black mica. The former, which is a compound 
of nlica, alumina, and potash is whitish in color, and decays 
very slowly when exposed to the weather, while the latter 
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•wideb ia a compoand of sdlica, alamina, magnesia, and iron, ia 
mndi lees recdtttant and deccaaposeg more readi^'- On this ac- 
count muscovite is the mica species usnallf recognizable in 
clays, and is one of the very few minerals that can be detected 
in very small grains, for the bright shining scales of this mineral 
are quite prominent and readily catch the eye. 

Of Uie Wisconsin clays ezamined, the residaal clays ciHitain 
the most mica, while in the lake and estoarine clays it is eom- 
paratirdy scarce. 

Iron ores. Under this caption is included a series of iron 
componnds, which are the same as those worked for iron when 
in sufficiently C(meentrated form, but in clays they are present 
in too small amount to answer for this purpose. They include 
the four mineral species, limonite, hematite, siderite, and mag- 
netite. 

The first of these is present in all clays stained brown and yel< 
low. The second is no doubt present in many of the red clays, 
while the thin) occnrs probably in calcareous clays, and the 
fourth is doubtfully presfflit in some of the reddual elaya 

Few of these iron c(«apounda are as a rule present in gran- 
ular form, bat occur as a film of cement around the ot^er min- 
eral grains. Some, like the limonite, may assnme a gelatinous 
or colloidal cmiditiot), but this is difficult of proof. In a few 
instances both the limonite and siderite may form concretionary 



The main fact to be remembered is, that some form of iron 
oxide is also invariably present in clays, though in varying 
amounts as can be seen from the analyses in this report. 

Other iron-bearing minerals. Pyrite, the sulphide of iron, a 
yellow metallic mineral when fresh, is not uncommon in some 
clays, but none was observed in any of the Wisconsin deponts. 

Iron also occurs as an ingredient of scnne silicate minerals, 
such as biotite mica, garnet, or hornblende, and these are pres- 
mt in small quantities in the reradual clays, as well as possibly 
in some others. 

Effects of iron. If in granular form, the iron would have 
mneh tiie same effect as sand in the nnbumed clay. 

If as a film or cement, it wonld act as a coloring agent, the 
limonite and hematite being important in this respect and cc^- 
oring the clay yellow, brown, or red. This strong coloring 
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effect is noticed chiefly in the residual clays, some of which con- 
tain over 15 per cent iron oxide. This point is referred to 
again in more detail. In burning the iron aids the fusion of 
the clay, and also ser^'es to color it buff or red, dep^iding on 
the amount present. 

Calcife. This mineral consists of carbonate of lime, and is 
especially abundaflt in the lake and estuarine clays of Wiscon- 
sin, as well as in some of those of the glacial type. The Ma- 
quoketa shales also contain it, though to a less amount. It can 
be easily detected for it dissolves rapidly in weak acids and 
effervesces violently upon the i^pUcation of a drop of muriatJo 
acid or even vinegar. It is fortunate that its pres^ice can be 
so easily determined, for it is rarely found in sufSciently large 
grains to permit its identification with the naked eye. The 
concretions found in many clays are largely composed of lime 



Dolomite, the double carbonate of lime and magneda, occurs 
no doubt in many of the surface clays of Wisconsin, judging 
from the large amount of magnesium carbonate which they con- 
tain, but the grains are always of microscopic size. 

Gypsum, the hydrous sulphate of lime, may be present in 
many clays, but was not seen in any of the Wisconsin ones, ex- 
cept on microscopic examination. 

Hornblende, pyroxene, and garnet are all silicate minerals of 
complex composition, and occur in many of the residual clays in 
very small grains. Both are easily fusible and weather readily, 
on account of the iron oxide which they contain, and, there- 
fore impart a deep red color to those clays formed from rocks in 
which they are a prominent constituent. The residual clay 
outcropping on the WisoonsiQ river southwest of Medford is a 
good example of this. 

The chemical analysis op clays. There are two methods 
of quantitatively analyzing clays, the one being termed the ulti- 
mate analysis and the other the rational analysis. 

The ultimate analysis. In this method of analysis, which is 
the one usually employed the various ingredients of s clay are 
considered to exist as oxides, although they may really be pres- 
ent in much more complex form. Thus, for example, calcium 
carbonate (CaCOg), if it were present, is not expressed as such, 
but instead it is considered as broken up into carbon dioxide 
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<COi) and lime (CaO), witb the pereeatage of each given 
separately. The sum of these two percentages would, however, 
be eqn&l to the amount of lime carbonate present. While the 
ultimate analysia, therefore, fails to indicate definitely what 
compounds are present in the clay, still there are many facts 
to be gained from it. 

The ultimate analysis of a clay might be expressed as fol- 
lows: 

Silica (SiO.) 

Alumintt (Al,0,) 

Ferric oxide (Pejp,) 

Lime (CaO) 

MagDMia (MgO) 

Fluxioffimpuritiea.. ■{ aii,„i;„ ( Potash <K,0) 

Alkalieq j g^^ jjj Qj 

' Titanic oxide (TiO,) 

Sulphur trioiide (SO,) 

Carbon dioxide (CO.) 

Water (H.O) 

In many analyses, the first seven of these and the last one 
are usually determined. The percentage of carbon dioxide is 
usually small, and commonly remains undetermined, except in 
very calcareous clays. Titanic oxide is rarely looked for, ex- 
cept in fire clays, and even here its presence is frequently 
neglected. Since the sulphur trioxide, carbon dioxide, and 
water are volatile at a red heat, they are often determined col- 
lectively and expressed as "Loss on ignition." If carbonaceous 
matter, such as lignite, is present this also, will bum oS at 
redness. To separate these four, special methods are neces- 
sary, but they are rarely applied, and, in fact, are not very 
necessary, except in calcareous clays, or black clays. The loss 
on ignition in the majority of dry clays is chiefly chemically 
combined water. The ferric oxide, lime, magnesia, potash, and 
soda are termed the fiuxing impurities, and their effects are dis- 
cussed under the head of Iron, Lime, Magnesia, etc., and also 
under Fusibility. 

All clays contain a small but variable amount of moisture in 
their pores, which can be driven off at 100° C. (212° F.). 
In order, therefore, to obtain results that can be easily com- 
pared it is desirable to make the analysis on a moisture-free 
sample, which has been previously dried in a hot-air bath. This 
is unfortunately not universally done. 
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The facts obtaiDable from the altimat« analysis of a clay are 
th« following: 

1. The purity of the clay, showing: the proportions of silica, 
alumina, combined water, and fluxing impuritieB. High-grade 
clays show a percentage of silica, alumina, and water, approaeh- 
ing quite cloaely to those of kaolinite. 

2. The refractorineas of the clay, for, other things being 
equal, the greater the total sum of fluxing impurities, the more 
fusible the day. 

3. The color to which the clay boms. This may be judged 
apprcsimately, for clays with several per cent or more of fer^ 
ric oxide will bum red, provided the iron is evenly and flnely 
distributed in the clay, and there is no excees of lime. The 
above condititms will be affected by a reducing atmoi^here in 
burning, or the presence of sulphur in the fire gases. 

4. The quantity of water. Clays with a large amount of 
chemically combined water sometimes exhibit a tendency to 
crack in burning, and may also show high shrinkage. If kaoli- 
nite is the only mineral present containing chemically combined 
water, the percentage of the latter will be approximately one- 
third that of the percentage of alumina, but if the clay con- 
tains much limonite or hydrous silica the percentage of chem- 
ically combined water may be much higher. 

5. Excess of silica. A large excess of silica indicates a 
sandy clay, and if much is present in the analysis of a fire clay, 
it indicates low refractoriness. 

6. The quantity of organic matter. If this is determined 
separately, and it is present to the extent of several per cent, 
it would require slow burning if the clay was dense. 

7. The presence of several per cent, of both lime (CaO) and 
carbon dioxide (CO,) in the clay indicates that it is quite cal- 
careous. 

These are the main points determinable from the ultimate 



DiBtizedOyGoO<^lc 



OBIOIN AND PROPERTIES OF CLAT. 



Jnaly»e» of leveral different type* of elaj/. 





1 


S 


3 


4 


6 


6 


sui(»(aiO,) 


46.3 
39.8 


48.86 

37.64 

.46 

.06 


61.6 

28.38 

.58 

.46 

.36 


60.44 
19.74 
6.83 
.40 
S.S2 
4.<» 
1.89 


32.48 
7.31 
4.37 

18.44 
7.18 
2.01 
.48 


73.06 




4.11 






.84 








Poto«h(K,OT '. 




8.31 






S 75 




13.9 






5.06 
3.60 


6.66 
.06 


87.70 
.12 

« 


5.36 








09 





















* Iiisliid*d iind*r IcDlUoiL 
1. Kftolluite. 

5. Kftolin or china cla7. ApproocbM cIomI; to Inolinito Id compoaitian. 

3. A fire clay, Woodbridge, N.J. Low percsotage of flusing impurities. 

4. A red-buroiag claj. Note high iron and low Ume pftrcentage. 

6. A calcaroouB clay. Note high lime porcentage, 
6. A very aandj clay. Note b!f[h silica porceotsge. 

Rational analysis. Thia method has for its object the deter- 
mination of the percentage of different mineral compounds prMi- 
ent, such as quartz, feldspar, kaolinite, etc., and affords a bet- 
ter conception of the true character of the material. Where the 
clay contains only the three mineral ingredients mentioned 
above, the execution of the rational analysts is comparatively 
(dmple, but where other minerals are present, as in low grade 
clays, its maoiptilation is attended with more diiBculty. How- 
ever the rational analyns is applied usually only to the better 
grades of clay, such as kaolins to be used far china ware, and 
there it is an important aid to the potter who understands its 



The rational compontion of clay can be determined from 
its ultimate analysis, but it involves complex calculations, and 
tiie results obtained in this manner are less accurate, than 
if the rational composition is determined in the usual way. 

Chehical. COMPOtJNDS IN CLAY AND THEIR EFFECTS. In ex- 
plaining above the mode of expressing the ultimate composition 
of a clay, it was pointed out that a number of compounds were 
osnally present, and that some of these influence the character 
of the clay to a marked degree. 
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The effects of these should be discussed next. 

Silica. Silica is usually present in days in the form of 
quarts, but in addition to this it may be present as an ingredient 
of various silicate minerals, of which the most important are the 
minerals kaolinite, feldspar, mica, or hornblende. The exact 
form of corabinatioa of the silica is not usually regarded 
in the ultimate analysis, although sometimes free and combined 
silica are referred to, the former covering all silica except that 
contained in kaolinite. Such a division ia misleading, and a 
better practice is to use the term sand to include quartz, and 
silicate minerals other than kaolinite, which are not decompos- 
able by sulphuric acid. In most analyses, the total silica 
alone ia given. 

Clays vary widely in their silica contents, and as fair exam- 
ples of extremes we may take the calcareous clay from White- 
water with 32.48 per cent of silica, and the loesa clay from Ar- 
cadia with 73.08 per cent of silica. 

With the exception of kaolinite, all of the silica-bearing min- 
erals are rather sandy in their nature. A high percentage of 
silica generally indicates a sandy or silty clay, and a lai^ quan- 
tity will thua tend to reduce the air and fire shrinkage as well 
as plasticity, the effect increasing with the size of the silica 
grains. 

Iron oxide. This is one of the commonest ingredients of 
clays, and few are absolutely free from it, although the amount 
present, as in some china clays, may be but a trace. A num- 
ber of minerals may serve as sources of iron oxide in clays, three 
of which, viz., limonite, hematite, and magnetite are themselves 
oxides, while in the others the iron is held in combination with 
other elements, forming silicates, sulphides, or carbonates. This 
latter class yield up iron oxide only after decomp(Hition. 

Iron exerts a wide spread effect as a coloring agent in both 
>^w and burned clay. In the raw clay it produces yellow, 
brown, or red colors from oxides such as limonite and hematite, 
or green colors due to silicates. The carbonate (aiderite) and 
the sulphide (pyrite) might if present in sufficient quantity 
and in fine form produce a gray coloration. The intensity of 
the color cannot be taken as an indication of the amount of iron 
present, for it requires a much smaller amonnt of iron to pro- 
duce a given shade in a sandy clay than in one free from sand. 

o 
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Bnt, even several per cent of iron oxide may not be notice- 
able, if the clay contams much carbonaceous matter, becauas 
this keeps the iron oxide in a reduced form, in which condition 
its colors are less brilliant, and in addition the carbonaceous 
matter often matdcs the iron color. Again the maximum color* 
ing efiEeet is obtained by an even distribution of the iron oxide 
in the clay, rather than by its segr^:ation into lumps or patches. 

The coloring ^ects of iron oxide in burned clay will de- 
pend on 1. the amount of iron in the clay, 2. the temperar 
tnre of burning, 3. condition of iron oxide and 4. Uie condi- 
tion of the kiln atjnosphere. 

1. Clay free from iron oxide, or nearly bo, bums white. 
As small a quantity as 1 per cent, may impart a ali^t yellow- 
ish tint to the clay in burning, while 2 to 3 per cent yield buff 
colors, ajid above this red shades. 

2. In any given clay, the intensity of color, deepens with 
an increase in temperature, a red-burning clay passing through 
pink, pale red, red, deep red, and reddish purple, if burned at 
snceeasiT^y higher t^nperatures. 

3. Two forms of iron oxide are recognized, viz., the ferrous 
oxide (FeO) and the ferric oxide (Fe,Oj). In the former one 
part of iron is united with one part of oxygen, but in the lat- 
ter one of iron is combined with one and a half parts of oxygen. 

The ferric oxide therefore, contains more oxygen per unit 
of iron than the ferrous salt, and is said to represent a hi^er 
stage of oxidation. Limonite for example represents the ferric 
condition of iron for its composition is Fe^O^+ll^O. Siderite, 
the carbonate of iron, has the formula FeO, COj, and here the 
iron is in the ferrous stage. 

Under favorable conditions, iron passes rather readily from 
the ferrous to the ferric condition and vice versa. Thus if there 
is a deficit of oxygen in the interior of the kiln for proper com- 
bustion of the carbon, the fuel will steal it from the iron oxides 
in the clay, and reduce them to the ferrous state. On the 
other hand if there is more than enough air in the kiln to sup- 
port combustion, all the iron oxide in the clay gets changed te 
the ferric form and the brightest tints obtainable from Uie 
amount of iron in the clay, are formed. Sm(^ fires, for in- 
stance produce deoxidizing results. Ferric oxides yield buff, 
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red, or brown colors, while ferrous oxides produce blue or black 
tinta 

The bricks made from clay containing carbonaceous matter 
sometimes show a black core. The reason for this is as follows: 
In the firing of 8uch a clay, the carbmaceoua matter is burned 
oS wholly or in part, but this process requires oxygen, which 
comes either from the kiln fire or the ferric oxide in the clay. 
Consequently as long as carbonaceous matter remains in the 
brick, the iron oxide will be kept in a ferrous form. When it 
finally does begin to oxidize, the change b^ns from the sur- 
face and works towards the center of the brick, but owine to 
the shrinkage of the clay the body may have become too dense 
to allow the oxygen to enter, and there consequently remains a 
black or bluish black core of ferrous iron. It should be here 
stated that the inm is not ferrous iron alone, but this in com- 
bination with at least silica, giving probably a complex ferrous 
silicate. Some of the bluish black color of the core may also 
be due to une<xisumed carbon. 

4. Since the stage of oxidation of the iron is dependent on 
the quantity of air it receives in burning, the condition of the 
kiln atmosphere is of great importance. If there is a deficiency 
of oxygm in the kiln, the fire is said to be reducing. If on 
the contrary there is an excess of oxygen, the fire is said to 
be oxidizing. These various conditions are often used by the 
manufacturer to produce certain shades or color effects in the 
ware. 

Iron oxide is also a fiuxing impurity, lowering the fusing 
point of a clay, and this effect will be more pronounced if the 
iron is in a ferrous condition or if silica is present A low iron 
content is, therefore, desirable in refractory clays. Fire clays 
commonly show under 3 per cent, and brick clays often con- 
tain 5 or more per cent. 

Lime. Lime is found in many clays, and is abundant in many 
of the Wisconsin ones. While a number of minerals may serve 
as the source of it, the chief ones in the Wisconsin clays are the 
carbonates, calcite (CaCO,) and dolomite (Ca Mg) COj. When- 
ever the ultimate analysis of a elay shows several per cent of 
lime (CaO) it is usually there as an ingredient of lime carbonate 
(CaCOg), and in such cases its presence can he easily detected 
by putting drop of muriatic acid or vinegar on the clay. 

i:r-p.-,i ..V^nOO'^IC 
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When this compound is present it is mostly of very finely 
divided character, but aometimea £onna limesbme pebbles, or 
concretions. 

Action of lime carbonate in days. When clays containing 
lime carbonate are bnmed they lose not only their chemically 
combined water, but also their carbonic acid gas, which leaves 
the clay in a very porous condition, it remaining so until the 
clay is vitrified. This faet is well shown by the high absorption 
of the cream-burning samples tested, as well as by the absorp- 
tion tests made on the cream-colored bricks. 

If the burning is carried only far enough to drive oflE the car- 
bonic acid gas, the result will be that the quicklime thus formed 
will absorb moisture from the air and slake. No injury may 
result from this if the lime is in a finely divided condition and 
uniformly distributed through the brick, but, if, on the con- 
trary it is present in the form of lumps, the slaking and accom- 
panying swelling of these may split the brick. 

If, however, the temperature is raised higher than is required 
simply to drive off the carbon dioxide, and if some of the min- 
eral particles soften, a chemical reaction b^ns between the lime, 
iron, and some of the silica and alumina of the clay, the result 
being the formation within the clay of a new sdlicate compound 
of very complex composition. The effects of this combination 
are several. In the first place, the lime tends to destroy the 
red coloring of the iron and impart instead a buff color to the 
burned el&y. This bleaching aetion is most marked when the 
percentage of lime is three times that of the iron. 

Aside from this lime carbonate also affects the fire shrinkage 
and fusibility of a clay. Calcareous or limy clays do not shrink 
steadily when burned. On the contrary they swell slightly in 
the early stages of firing. It is found in firing the codtinuons 
kilns at Milwaukee that a chamber of bricks set about 30 courses 
high increases as much as two and a half to three inches in 
height in the early stages of firing, ajid then shrinks again to 
its original volume, the latter being reached at about the fusion 
point of cone 3, at which point the burning is stopped. If the 
clay is heated still farther its shrinkage is found to be very low 
until its pmnt of vitrification is almost reached when the fire 
shrinkage shows a sudden and large increase. This is followed 
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by a rapid softening of the clay. Indeed, calcareotis clays soften 
so rapidly that the points, of incipient fa^on and viBcoBity are 
often within 41.6 C. (76 P.) of each other. This rapid soften- 
ing of calcareous clays is one of the main objections to their use 
for vitrified ware. 

One peculiar feature about many of the Wisconsin calcareous 
clays is their higher fusion point as compared with those from 
many from other states, not a few becoming viscuous at cone 
5. Whether this is due to a hi^h magnesia content remains to 
be seen. 

Although highly calcareous clays are looked on with disfavor 
•by some, for the manufacture of brick, it ia certain that a large 
number of the Wisconsin clays produce a product of excellent 
strength. 

Magnesia. Considering the run of days from all states it can 
be said that magnesia is rarely present in quantities exceeding 
one per cent In the Wisconsin ones however it has been found 
to run as high as 12.25 per cent. Although several minerals 
may serve as sources of if, the common one in the Wisconsin 
clays is probably the mineral dolomite, a double carbonate of 
lime and magnesia. 

Magnesia has been usually regarded aa having an effect on 
clay similar to lime, but experiments bj;^ Mackler* have indicated 
that it is a less powerful fiux, and separates the points of incipi- 
ent fusion and vitrification more than lime does. 

Alkalies. Under this head are included potash and soda. 
Most clays contain but a small percentage of them, bat some, 
such as one described from Platteville, contain a large quantity, 
viz., over 9 per cent. 

Feldspar and the white mica, muscovite, are the most common 
source of alkalies in clays, although other minerals such as ham- 
blende or garnet might supply them, but they are rarely present 
in clay in «iy quantity. 

Alkalies are considered to be the most powerful fiuzing ma- 
terial that the clay contains, and if present in the form of sili- 
cates are a desirable constituent except in fire clays. Mica if 
very finely divided may flux with oUier ingredients of tie clay 
at as low a temperature as eone 4, but if coarse grained the 

•ThoniDduBtrle Zeltung, vol, XXVI, p. 706. 
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Bcalea retain their identity even up to cone 9 or 10. Feldspar 
fuses at cone 9 but may flux some at a lower cone. 

Titamum. This element is absent from fe^ clays, and most 
of the analyses made for this report show small amounts of itL 
"Wliether it enters into fluxing action with the other grains at 
low temperatures is not known, but in fire alaya it is to be reck- 
oned as a flux. It will if present in amounts of perhaps 5 or € 
per cent yield a yellow coloratiim at high cones. It seuns not 
improbable too that it causes the yellowish tints in some kaolins, 
which show an exceedingly low percentage of iron cndde. 

Water. Two 'kinds of water are recognized, viz. 1. Mechan- 
ically combined water or moisture and 2. cb^nieally combined 
water. 

Moisture is the water held in the pores of the day chiefly by 
capillarity, and fills the spaces between the clay grains. When 
these are all small, the clay may absorb and retain a large quan- 
tity, because each interspace acts like a capillaiy tube. If the 
spaces «tceed a certain size, they will no longer h<dd the moist- 
ure by capillary acticsi, and the water, if poured on the clay, 
drains off. The fine-grained clays and sands, for these rea- 
sons, show higher powers of absorption and retention, while 
while coarse sandy clays or sands represent a condition of min- 
imum absorption. This same phenomonon shows itself in tli& 
amount of water required for tempering a clay. Thus a very 
co&rse sandy clay from Milladore required but 18.7 per cent of 
water for mixing, while a very plastic one from Eau Claire 
required 39.6 per ceut. Highly aluminous days do not neces- 
sarily absorb a high amount of water. 

Moisture passes off partly by evaporation in air, but the last 
traces are expelled only by heating the clay to 100° 0. (212° F.). 
The evaporation is accompanied by a shrinka^ce of the mass, 
which ceases, however, before all the moisture has left the clay, 
but these last traces are not expelled until the bricks are placed 
in the kiln. 

Rapid expulsion of moisture may result in a cracking of the 
brick. If the clay contains soluble salts, the water brings these 
to the surface and leaves them there as a scam. 

Chemically combined water, is that which exists in chemical 
combination with other elements, and is driven off by heating 
the clay to a temperature ranging from 400° C. (752° F.) to 
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600° C. (1112° p.). The mineraU which yield moat of it are 
kaolinite, mnscovite, or white mien, and limonite. Hydrous 
nliea and gypsam if present would add to tlie supply, but the 
water contained in the latter passes off at 250° C. (482" P.). 
In nxost clays the larger part of the combined water appears to 
be supplied by some hydrous aluminum silicate, possibly kaolinite 
and ia usually about one-third the amount of alumina in the 
clay. After the water has been driven off the clay is left in a 
somewhat porous condition. 

Organic Matter or Carbon. Although this includes all frag- 
ments of vegetable origin, whether large or small, it is the finely 
divided carbonaceous matter in the day, with which the day 
worker has to reckon. Organic matter, of coaly character, even 
in small quantities usually colors a clay gray or black. 

In clay woiking its effect is chiefly noticeable in burning the 
wares. Carbonaceous matter will bum out of clay at a red heat, 
provided it can have a supply of air. This it usually gets if the 
fire is oxidizing and the clay remains porous until the carbon 
is burned off. If, however, the clay is dense-buming and the 
firing proceeds too rapidly, the carbonaceous matter becomes 
imprisoned in the brick before it can bum out, and later when 
the heat is raised the oi^i;anic matter is decwaposed with the 
evolntiom of gases, which in their effort to escape, will, if pres- 
ent in sufficient quantity, bloat and blister the ware. This doea 
not happen unless the clay contains more than one or two per 
cent iof organic matter. Clays with two per c«it of oi^anie 
matter are difficult to bum unless very sandy or molded dry 
press. 

In most clay analyses the organic matter is not determined 
separately, but included under loss on ignition. 

Soluble salts. Probably all clays contain a small percentage 
of soluble material, although this rarely exceeds two or three- 
tenths per e«it. During the drying of the clay the moisture 
brings these to the surface, and deposits them there as a scum. 
These soluble salts are commonly sulphates of the alkalies, mag- 
nesia and perhaps lime, and their presence often causes Uie man- 
ufacturers considerable trouble. 

If a clay free from these cannot be used, it is customary to 
add either barium carbonate or barium chloride to the clay in 
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tempering to either render them insoluble, or form such easily 
soluble compomids that th^^ will readily wash off. 

In some instances these soluble componnds r^nain in the 
burned brick, and do not come to the surface until the ware is 
set in the wall. Hard burning will sometimes fix such sub- 
stances by fusion, but experimeuts ^owed that in some bricks 
at least they remained in a soluble form even when the brick 
was fired to cone 3. Thus four samples of a cream-burning 
clay, representing different degrees of firing, were taken frmn 
a kiln in eastern WiBconsin. Two hundred grams of each brick 
were ground up sufficiently fine to pass a 100 mesh sieve. Two 
gram samples were then taken from each and placed in distUled 
water, which was warmed for several hours with occa^mal 
stirring. The water was then filtered off and the dear filtrate 
evapin^ted to dryness, the percentages obtained being given be- 
low. A, representing the soft burned, and E the hard burned. 

^r oeot. 

A 4.60 

B 2.» 

C ; l.« 



This shows that the harder the firing the less the quantity of 
soluble matter in thd brick. It is somewhat difficult to see why 
the percentage of soluble matter in the brick is so much hi^^er 
than it is the raw clay, in which it is not over a few tenths 
per cent. It seems improbable that any should form in bum- 
isg, as there is no pyrite in the clay, and the thought suggests 
itself that it may be due in part to the water used in tempering, 
or possibly due to sulphur trioxide in the fuel j;ases, attacking 
some of the compounds in the clfly, with the formation of soluble 
sulphates. 

PHYSICAL PROPBETIBS OP CLAY. 

The physical properties of clay are of more importance to the 
practice clayworker than the chemical compositicm, since they 
give data which can be readily and quickly grasped, and which 
bear directly on his work. They are, moreover, pn^rties wiUi 
which he has already gained familiarity, even though he may not 
have defined them in exact terms. 
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Those which are most prominent are plasticity, tensile 
stren^ or bonding power, dirinka^, fusibility, texture, color, 
slaking qualities, and absorption. 

Plasticity, or the property which clay has of fonning a plastic 
mass when wet, is a characteristic of all clays and shales, but 
pos^ssed by different ones to a variable degree, so that they 
range from thoee of very low plasticity, or lean ones, which are 
very sandy, to others of high plasticity which are termed fat. 
With these few facta in mind it becomes apparent that the 
plasticity of any clay can be adjusted to some extent at least 
by artificial means. Clays which are too fat or plastic can have 
their plasticity reduced by the incorporation of sand or less 
plastic clays, while those which are too lean, can be rendered 
more plastic by mixing in fat clays, or removing the sand. 

Since the air and fire shrinkage usually stand in close relation 
to the plasticity, the possibility of controlling the latter property 
is also of importance to the manufacturer. 

At many yards a mixture of several beds is used, in order to 
reach the proper degree of pastiness. Highly plastic clays, ex- 
hibit a tendency toward high air and fire shrinkage, while lean 
clays show the contrary. The latter, however, are often de- 
ficient in their bonding qualities. 

Sedimentary or stratified clays are commonly of higher plas- 
ticity than residual ones, but there are naturally exceptions 
under each group. 

The degree of plasticity of any clay cannot be inferred from 
its chemical analysis. 

Tensile strength or bonding power. The tensile strength of 
a clay is the resistance which it offers to rupture when air dried 
and is an important property by virtue of which the unbumed 
clay ware is able to resist shocks and strains in handling and 
which property also enables the clay to carry a variable amount 
of non-plastic material such as sand, which is often added to 
improve it. It is sometimes possible to get a' general idea of 
the probable tensile strength of a clay from the degree of plas- 
ticity or stickiness which it appears to have and yet there is no 
constant relation between the tenedle strength of the clay and 
its plasticity. All we can say is that many plastic clays have 
a high tensile strength and that many lean clays have a low 
tensile strength. On the other hand some clays of lean char- 
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aeter show a surprisingly high tensile strengUi, as for example, 
a very silty clay from Elkhom, whoae average tensile strength 
was 206 lbs. per aq, in. A high tensile strength does not neces- 
sarily indicate that the particles of the clay will cling together 
80 firmly aa to resist cracking during drying, for some clays 
with a high bonding power show a. strong tendency to crack 
when dried fast. For example, one of the estuarine clays of 
southeastern Wisconsin has a tensile strength of 228 pounds 
per square inch, but if this same clay is rapidly dried it cracks 
badly. 

The ten^le strength is measured by molding the tempered 
clay into briquettes of the same form and dimensionB as tiiose 
made for testing cem^it, and when these are thoroughly air 
dried they are palled apart in a suitable testing machine. The 
cross section of the briquettes when molded is one square inch. 
After being formed they are allowed to dry first in the air and 
then in a hot air bath at a temperature of 100° C. (212° F.). 
"When thoroughly dried the briquette is tested. Theoretically 
the briquette should break at ita smallest cross section with a 
smooth straight fracture, and when this does not occur it is due 
to a Saw in the briquette or because the clips tend to cut into 
the clay. In such event tJie briquette breaks across one end 
and to prevent this it is necessary to put some soft material such 
as asbestos facing or rubber between the clip points and the 
sides of the briquette. If the briquettes are molded and dried 
with care the variation in the breaking strength of the indi- 
vidual briquettes should not vary more than 15 or 20 per cent, 
but with some very plastic clays it is extremely difficult to keep 
the variation between these limits.* 

In testing the Wisconmn samples the tensile strengths given 
are the average of twelve briquettes and in the cream burning 
series tested the teadle strengths ranged from an average of 64 
pounds per sqnare inch to 386 pounds per square inch. The 
residual clays range in their tensile strength from 96 pounds 
per square inch to 339 potmds per square inch. 

*The Unslle strength of clay briqnetteB U expresBod In pounds per 
square Inch, but since the brlquett« shiinks In drrfug the strength 
actuallr obtained In testing will be less than that for a square Inch, 
and the result must be Increased In proportion to the amount tiie brl< 
qnette has shrunk. 
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The tensile strength of the clay is probably due in part to an 
interlocking of the clay ^ains as well as the prasence of col- 
loidal matter which acts as a cement. Clays which are made np 
entirely of fine grains or coarse grains often show a low tensile 
strength and those which are made up of a mixture of sizee 
seem to produce a maximum strength. 

The tensile strength of most clays is usually lowered by the 
addition of coarse suid, but a mixture of two clays may some 
times show a higher tensile strength than either of the clays 
alone. 

Skrinkage. All clays shrink in drying and burning, the 
former Ion being termed the air shrinkage and the latter the 
fire shrinkage. 

Air shrinkage. The air shrinkage is the decrease in volume 
which a clay shows after being molded and is caused by t^e 
drawing together of the clay particles as the water ev^orates 
from the molded mass. This continues until all particles have 
come into contact, but since even then there are some pores left 
in the clay there may still be some water left in the material 
after the air shrinkage has ceased. The amount of air shrink- 
age is usually low in lean clays and high in plastic ones for the 
reason that the former absorb but little water in mixing and the 
latter a large quantity of it. The clays however which absorb 
the higher aauount of water in mixing do not necessarily show 
the higher eir shrinkaga The air shrinkage of any one clay 
will also vary not only with the amount of water added but 
also wiUi the amount of pressure given the material in molding 
80 that soft-mud bricks often show a high air shrinkage and 
dry-press bricks none at all. The addition of sand to a clay 
will in nearly every ease lower ita air shrinkage and for this 
reason the air shrinkage of many soft-mud bricks is low because 
a considerable quantity of sand is incorporated with the clay 
during the tempering process. The effect of sand on the air 
shrinkage can be seen, by comparing the physical tests of the 
clay and brick mixtures given on the later pages. 

While coarse and sandy clays shrink less than the fine grained 
ones th^ may absorb considerable water especially if they are 
silty in their character, but tiie fact that their pores are much 
coarser allows the water to escape rapidly and thus often per- 
mits more rapid drying. The craddng of some fine-grained clays 
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in diying is dae to the surface shrinkiiig more rapidly tiian t^e 
interior because the evaporation there is greatest. As the outer 
porti<Hi of the product cannot stretch it must pull apart and 
crack. 

Fire shrinkage. All clays shrink daring some stage of the 
burning operation even though they sometimes expand slightly 
at certain temperatures (calcareous and many siliceous clays). 
The fire shrinkage, however, varies within wide limits; the 
amount depending partly on the quantity of volatile elements 
such as ctHubined water, oi^caaic matter, and carbon dioxide 
present in the clay, and partly on the tesiiure. It reaches a 
maximum wh^i the clay vitrifies but it does not increase uni- 
formly up to that point and in fact is very irr^fular. Thus 
a certain amount of shrinkage takes place when the combined 
water begins to pass off, namely at 400° C. (752° F.) and an 
additional amount occurs at higher temperatures, but the lat- 
ter is frequently not the result of the contraction following the 
volatilization of some of Uie elements. Wherever the fire 
shrinkage is grveta in this retort it refers to the linear shrink- 
age during the burning and is expressed in terms of the length 
of the bricklet when molded. Thus if the fire shrinkage at cone 
1 is given as 4 per cent it means that the amount of fire sbrink- 
a^ at that cone is i per cent of the length of the bricklet Trhea 
freshly molded. Between the points at which chemically com- 
bined water passes off and 1000° C. tiere is practically no fire ■ 
shrinkage but above this point the contraction begins again. 
As an illustration of the way in which the fire shrinkages vary 
in the different clays we may take the following examples: 

No. 1. Plastic clay from Maquoketa shale. 

No. 2. Gritty, residual clay from Stevens Point. 

No. 3. Calcareous clay from Watertown. 

No. 4. Residual clay from Eau Claire, 
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Since many clays when burned shrink to such an extent as 
to cause loss from warping and cracking it is necessary to add 
materials which of themselves have no fire shrinkage thus de- 
creasing the shrinkage of the mixture in burning. Sand or 
sandy clays are the materials most commonly used for this pur- 
pose but ground bricks (grog), and even coke or graphite may 
be emplcyed. In Wisconain sand and ground bricks are the 
only materials used. 

The various anti-shrinkage agents serve not only to decrease 
the shrinkage in drying and burning but also tend to prevent 
blistering in an easily fusible ferruginous clay when hard fired. 
They also serve to increase the porosity of the ware and thus 
facilitate the escape of the moisture in drying and in the early 
stages of burning as well as often enabling the products to 
withstand sudden changes of temperature. If sand is added 
for this purpose it may act as a dux at higher temperatures and 
this action will be the more intense the finer its grain. Large 
particles of grog are undesirable especially if they are angular 
in form because in burning the clay shrinks around them and 
the sharp edges serve as a wedge opening cracks in the clay 
which may expand to an injurious degree. Large pebbles and 
lumps of tough clay which have not been broken up in temper- 
ing will do the same. 

Fusibility. The changes which occur in the early stages of 
burning have already been referred to. With the increase in 
temperature above 1000° C. a softening of the clay grains be- 
gins; and as a result of this softening which represents the 
stage of incipient infusion, hardening of the mass takes place. 
While at this stage the clay may have softened sufficiently to 
weld together, the fusion has not been intense enough to pre- 
vent the identification of the coarser grains in the clay. With 
a further increase in t«mperature, the amount depending on 
the character of the clay, an additional amount of shrinkage 
occurs and many of the particles become suflSciently soft to 
allow the mass to settle or compact itself into an impervious 
condition thus closing up all the pores in the clay. This is 
termed the condition of vitrification and the piece of vitrified 
clay when broken shows a verj' smooth fracture and sometimes 
a slight lustre since all the particles except the coarse quartz 
grains have been melted together into a dense solid mass. 
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Vitrification, siDce it represents a condition of close compact- 
ness of the clay particles is also the point of maximum shrink- 
age. If the heat is raised still further the clay softens so that 
it can no longer bold its shape and flop's or gets viscous. The 
custom has therefore been to speak of three stages* in the burn- 
ing of the clay, namely incipient fusion, vitrification, and visco- 
sity. It is however usually diflioult to recognize exactly the 
exa«t point of attainment of these three conditions for the clay 
may soften so slowly that the change from one to the other is 
very gradual. The difference in temperature between the points 
of incipient fusion and viscosity varies with the composition of 
the clay. In many calcareous clays these points are within 
27.7° C. (50° P.) of each other, while in refractory ones they 
may be STT-T'C. C700°P.) to 444.400. (800°P.) apart. The 
practical importance of having a clay in which the points of 
incipient fusion and viscosity are well separated is usually 
clearly recognized in the manufacture of many clay products 
where the aim is to produce a vitrified or impervious ware. 
If the temperature interval between the points of vitrifi- 
cation and viseodty is small it is diflScuIt to bring the ware up 
to a condition of vitrification without the risk of reaching the 
temperature of viscosity and melting the contents of the kiln, 
because it is impossible to control the kiln temperature within 
a range of a few degrees. The point of vitrification is not al- 
ways midway between that of incipient fusion and viscosity. 

The temperature of fusion of the clay depends on (1) the 
amount of fiuxing impurities, (2) the condition of these fiuxes, 
(3) the size of the grains and (4) the condition of the kiln at- 
mosphere, whether oxydizing or reducing. 

1. Other things being equal the temperature of fusion of a 
clay falls as the percentage of total fiuxes rises. Thus a brick 
clay shows a much lower fusion point than a fire clay because 
it has a much higher percentage of fluxes. It should be pointed 
out in this connection however that all fiuxes and impurities 
do not act with equal energy, some being more active than 
others. 

2. The condition of the fiuxes may also affect the result. 
Thus lime, for example (if present in the form of carbonate of 

•H. A. Wieeler. Vltrllled Paving Brick, p. 12. 1895. Ind. 
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lime will induce a fluxing action in the clay at a lower tempera- 
ture than will be th© ease if the lime is present as a silicate. 

3. The size of the mineral grains in the clay also affects the 
fusing point. Other things being equal a fine-grained clay will 
fuse at a lower temperature than a coarse grained one fpr the 
reason that when the particles of a clay begin to fuse or flux 
with each other this action begins on the surface of the grains 
and works inwards towards the center. If therefore the easily 
fusible grains are of small size they fuse more rapidly and are 
more effective in their fluxing action than if the grains were 
large. Since some of the mineral grains in the clay are more 
refractory than others the clay in its earlier stages of fufdcm 
can be regarded as a mixture of fused particles with a skeleton 
of unfused ones. If the proportion of the former to the latter 
is large there will be a strong hardening of the clay with little 
shrinkage and the burned clay will still be porous. With an 
increase of the temperature and the fusion of more particles the 
pores fill up more and more fmd the shrinkage goes on until at 
the point of vitrification the spaces are practically all filled. 
Above this point there is no longer a sufficiently strong skeleton 
to hold the mass together and the clay begins to flow. The 
conditions which influence the difference in temperature be- 
tween vitrification and viscosity still remain to be satisfactor- 
ily explained but it probably depends on the relative amount 
of fluxes and non-fluxes and the size of grain of each. 

4, Finally it is found that the same clay will fuse at a lower 
temperature if in burning it is deprived of oxygen than it will 
if burned in an atmosphere containing plenty of the latter. 

Determination of fusibility. The temperature at which a 
clay fuses is determined either by means of test pieces of known 
compo^tion, or by some form of apparatus or mechanical py- 
rometer, the principle of which depends on the expansion of 
gases or solids, thermoelectricity, spectrophotometry, etc. 

Seger cones. These test pieces consist of a series of mixtures 
of clay with fluxes, so graded that they represent a series of 
fusion points, each being but a few degrees higher than the 
one next to it. They are so called because originally intro- 
duced by H. Seger, a German ceramist. The materials which 
he used in making them were such as would have a constant 
composition, and consisted of washed Zettlitz kaolin, Rostrand 
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feldspar, Norwegian quartz, Carrara marble, and pure ferric 
oxide. Cone No. 1 melts at the same temperature aa an alloy 
composed of one part of platinum and nine parts of gold, or at 
IISO-C. {2102°P.). Cone No. 20 melts at the highest tempera- 
ture obtained in a porcelain furnace, or at 1530= C. (2786^ F.). 
The difference between any two successiTe numbers is 20° C. 
(36°?,), and the upper member of the series is cone 36, which 
is composed of a very refractory elay slate, while cone 35 is 
composed of kaolin from Zettlitz. Cramer of Berlin, made a 
series below No. 1 by mixing boracic acid with the materials al- 
ready mentioned. Hecht obtained still taore fusible mixtures 
by adding both boraeic acid and lead in proper proportions to 
the cones. The result is that there is now a series of 58 num- 
bers, the fufflon point of the lowest being 590° C. (1094° F.), 
and that of the highest ISSO'C. (3362''P.). 

For practical purposes these cones are very successful, though 
their use has been somewhat unreasonably discouraged by some. 
They have be«i much used by foreign manufacturers of clay 
products and their use in the United States ia increasing. The 
full series can be obtained from Messrs. Seger and Cramer of 
Berlin, for $0.01 each (or about two and one-half cents apiece, 
including duty and expressa^), or numbers .010 to 35 can be 
obtained for $0.01 each from Prof. E. Orton, Jr., of Ohio State 
University, Columbus 0. 

The table of fusing points of these cones and their composi- 
tion is given below: 
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1 015 B.O, 1 


1,6M 


1,080 


.02 


f 0.3 K,0 
(07 CaO 


102 Fe,0. 

Job Al.O, 


raw SiO. i 

loiO B.O, J 


2.030 


1,110 


.01 


jaSK.O 
(07 CaO 


103 Fe.O. 
)0.S Al.O, 


[3.95 BiO. 1 
lo.06 B.O. j 


2,066 


1,130 


1 


(0.3 K.O 
(0.7 CaO 


102 Fe.O, 
So.3 A1,0. 


V- 


2,103 


1,160 


9 


jasK.o 

(07 CaO 


103 Fe.O, 
)01 Al.O, 


Usio. 


2,188 


1,170 


3 


f 03 K.O 
(07CaO 


1 0J» Fb.O, 
j 0.45 Al.O. 


UsiO, 


2,174 


1,190 


« 


f05K,O 
(0.7 CaO 


(0.5 Al.O, 


4SiO. 


2,210 


1,810 
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CompotlHon and futtng potjU of Seger coim*— ContiDued. 



CompoBitioa. 



r0.3K,O 
I0.7 OaO 
( 0.3 K,0 
(0.7CaO 
( 0.3 K.O 
( 0.7 CaO 
(0.3K,O 
( 0.7 CaO 
{0aK,O 
lo.7 CaO 
( 03 K,0 
(0.7 CaO 
( 05 K,0 
{ 0.7 CaO 
f 0.3 K.O \ 
1 0.7 CaO ) 
1-0.3 K,0 
lo.7 CaO 
fa3K,0 
(a7CaO 
f0.5K,O 
(0.7 CaO 
( OS K.O 
{ a7 CaO 
1 03 K,0 
( 0.7 CaO 



0^ AUO,S SiO, 
0.6 A1.0.6 SiO, 
0.7 A1.0,7 SiO, 
0.8 AliOiB SiO, 
0.0 Al.0,0 SiO. 
LOAl.OilOSiO, 
1.2 AI.O.IS SiO, 
l.t Al.O.U SiO, 
1.6AI,0,16SiO, 
1.B AI,0,18 SiO, 
2.1 Al.O.Sl SiO, 
S.4 A1,0,» SiO, 
2.7 Al,0,27 SiO, 



Fuuxa PoiHT. 
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Compoiition and /iuing point of Seg»r o&nM— Ooatiiinsd. 



;a3K,o 

!a7CaO 
( 03 K,0 
( 0.7 CaO 
;03E,O 

y7c»o 

OSEiO 

>.7CaO 

03 K,0 

.0.7 CbO 

03K,O 

0.7 CsO 

03 K,0 

,a7 0aO 

'03K,O 

;0.7CaO 

ra3K,0 

.0.7 0*0 

03E,O 

a7CaO 

AI.O. 

A1.0. 

AI.O, 

AI.O, 

AI.O, 

AI.O, 

AI.O, 

Al,Oj 

A1,0, 



Composttion. 

(3.1A1,0.31S10, . 

|3.5Al,0,35SiO, . 
) SiO, . 



|3.9A],0,38 

U.1AI,0, 

|l.9AI,0, 



r03 K,0 ) 

\ U.0Al,O,60S 

I.a7 OaO J 



,44 SiO, . 



■ 6.6 Al,0,66 SiO, , 



ra3K,o I 

lo.7 0«0 J 

f03E,O ^ 

la7Ca0 J 



SO Al,O,900S 

10 8iO, ..... 

8 SiO, 

8 BiO, ..... 

B SiO. ..... 

4 SiO, 

3 SiO 

2.S SiO 

5 SiO. 

l.B BiO...... 



Fmiia Fomr. 



2,760 



S,786 

S,8! 

Z,8I» 



3,074 
3,110 
3,146 
3,18S 
3,218 
3, SSI 
3,880 
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If the heat is raised too rapidly the cones which contaio 
much iron swell and blister and do not bend over, bo that the 
best results are obtained by the slow softening of the cone under 
a gradually rising temperature. In actual use they are placed 
in the kiln at a point where they can be watched through a peep 
hole, but at the same time will not rec^nve the direct touch of 
the flame from the fuel. It is always well to put two or more 
oones of diff^'ent numbers in the kjln, so that warning can be 
bad, not only of the «id point of firing, but also of the rapidity 
with whi<^ the temperature is rising. 

In detennining the proper cone to use in burning any kind of 
ware, several ctmes are put in the kiln, as for example, numbers 
.08, 1 and 5. If .08 and 1 are bent jover and 5 is not affected, 
the temperature of the trilTi is betweeai 1 and 5. The next time 
nnmb^s 2, 3 and 4 are put in, and 2 and 3 may be fused, but 
4 remains unaffected, indicating that the temperature reached 
the fusing point of 3. 

The cone numbers used in the different branches of the clay 
working industry in the United States are approximately as 
follows : 



n brick 010-01 

Hard-bumed, common brick 1 — S 

BuS-froDt bnck 6—8 

Hollow blocks and fireproofing 03— 1 

Terra cotta 0*— 7 

Conduits 7— 8 

White earthenware 8 — 9 

Fire bricka 9—18 

Porcelain 11—18 

Bed earthenware 010—05 

Stoneware 6—8 

While the temperature of f u^on of each cone is given in the 
preceding table, it must not be understood that these cones are 
for measuring degrees of temperature, but rather for measuring 
pyrochemical effects. Thus if certain changes are produced in 
a clay at the fusing point of cone 5, the same changes can be re- 
produced at the fiision point of this cone, although the actual 
temperature of fusion may vary somewhat, due to variations in 
the COTidition of the kiln atmo^here. As a matter of fact, how- 
ever, repeated tests with a thermoelectric pyrometer demon- 
strates that the cones comnuHily fuse close to the theoretic tem- 
peratures. 
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jVHanufacturers oeeasioiiaU}'' claim that the ccnes are nnre- 
liable and not satisfactory, forgetting that their misuse may 
often be the true rcaaon for irregularities in their behavior. It 
\a mmeceSBary, perhaps, to state that certain reasonable precau- 
tions should be taken in using these test pieces. The cones are 
commonly fastened to a brick with a piece of wet clay, and 
should be set in a vertical position. After being placed in a 
position where they can be easily seen through a peep bole, the 
latter should not be opened widely during the burning lest a 
cold draft strike the ctme, and a skin form on its surface and in- 
terfere with its bending. Moreover, one set of cones cannot 
regulate an »itire kiln, bttt several sets should be placed in dif- 
ferent portions of the same. One advantage possessed by a cone 
over trial pieces is that the cone can be watched through a small 
peep hole,, while a larger opening must be made to draw out the 
trial piece. 

Thermoelectric pyrometer. This pyrometer, which is the 
only one that will be described in this report, is one of the best 
instruments for measuring temperatures. It is based on the 
principle of gen^uting an electric current by the heating of a 
thermopile or thermoelectric couple. This consists of two wiree^ 
one of platinum iand the other of an alloy of 90 per cent plati- 
nnm and 10 per cent rhodium. These two are fastened to- 
gether at one end, while the two free ends are carried to a 
galvanometer which measures the intensity of the currait. That 
portion of the wires which is inserted into the furnace or kiln 
is placed within two fire-clay tubes, ode of the latter being 
smaller and sliding within Uie other in order to insulate the 
wires from each other. The larger tube has a closed end to pro- 
tect the wires from the action of the fire gases. 

To measure the temperature of a furnace or kiln the tube con- 
taining the wires is placed in it either before starting the fire, 
or else during the burning. If the latter method is adopted, 
the tube must be introduced very slowly to prevent its being 
cracked by sudden heating. The degrees of temperature are 
measured by the amount of deflection of the needle of the gal- 
vanometer. 

Thermoelectric pyrometers are useful for measuring the rate 
at which the temperature of a kiln is rising, or for detecting 
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fluctuations in the same. It is uot neeessaiy to place the gal- 
vanometer near the kiln, for it can be kept in the office some 
rods away. This pyrometer is not to be used as a substitute for 
Seger cones but to supplement them. The more modem forms 
have an automatic recording device- As at present put on the 
market, the thermoelectric pyrometer costs about $180, and the 
price, delicacy of the instrument, and lack of realization of its 
importance have all tended to restrict its use. However, many 
of the larger clay-voi^ing plants are adopting it, as it is better 
than other forms of pyrometer for general use and probably 
more accurate. It can be used up to 1600*^ C. (2912° F.). 

Cone tests in Wisconsin kUns. During the course of the wort 
on the Wisconsin clays a number of cones were distributed 
among the brick and tile manufacturers who in most eases will- 
ingly placed them in their kilns, and after burning returned 
them to ihe office of the geological survey. 

The cones were usually fastened to a strip of wet clay (PI. 
Ill) of the same mixture as that used for bricks, and these 
placed in the kiln, surrounded by bricks so as to protect them 
as much as poesible from dashing. 

The eoa9 temperatures of a number of kilns are given below : 

LocalUy- Cone. 

AntiKo 010 

AthoM Barely 010 

*BurliDffton 04 

CliDtoDville (top of kilD) Under 010 

OUnton»ille (bottom of Win); 010 

Gkand Rapida 010 

Oreen Baj (red burning) 08 

*Ore«n Bay (oresm burning) 1 

•KenoBha 1 

*Uanitowac (top of kiln) 98 

*Hanitowoc (bottom of kiln) 00 

Marsbfield 010 

SS"=!d«"»''«^ ! :::::::::::::::::::::::::::::B^i^ 

Merrill 010 

"Herriiuac 3 

^Milwaukee 3 

Monroe Barely 010 

•New London 010 

Platteville Under 010 

*Porta«e 3 

*Port WaebiogtOD (top of kiln) 08 

•P«Mt Waebington (bottom of kiln) 06 

*Kacine, North Point 8 

Ringle Under 010 

*6cliIeisineerTille 3 
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"SheboTgan 3 

Siegel Statioii 010 

Stevens Point 010 

•Whitewater 1 

Thoae marked with an * are cream burning calcareous cIotb, and it is In- 

tereating to note the higher cone, at which with few esceptione they are 

bomed. 

Texture. This tenn r^ers to the size of grain of the clay. 
While many clays contain sand grains EroMcientiy large to be 
easily seen with the naked eye the majority Of the mineral par- 
tielea in a clay are too small to be seen without the aid of the 
microscope and are in fact bo small that they cannot be separ- 
ated by means of neres. In testing the texture of a clay it is 
perhaps of sufficient importance for practical work to determine 
the percentage of any sample that will pass throi^h a sieve of 
100 or 150 meshes to the inch, since in ihe preparation of clays 
for the market by the washing process they are not required to 
pass through a screen any finer than t^ one above mentioned. 

Color. The color of unbumed clay is commonly due either to 
carbonaceous matter or some iron compounds and a clay free 
from either of these is osoally white. The carbonaceous matter 
most often imparts a gray or black color to the clay, although 
it haa been claimed by some that it may even color the clay red 
or brown. A very small percentaga is commonly sufficient to 
affect the color of the clay and 3 or 4 per cent will maka it deep 
black, sandy clays being more intensely colored by a much 
smaller quantity than those free fnna sand. 

Iron oxide colors a clay yellow, brown or red depending on 
the form of oxide present. T^e color of a green or raw d^ is 
not always an indication of the color it will be when burned. 
Bed clays nsnaUy bum red; deep yellow clays may bum buff; 
chocolate clays commonly bum red or reddish brown; white 
days bum white; and gray or black days may bum red, buff, 
or white. Calcareous days when raw are oft«n eitb^ red, yel- 
low, gr^, brown, or grayish, and may bum red at first and torn 
yellow or buff as fusion progresses, paasiDg into a greenish yellow 
at viscosity. 

Slacking. This refers to the property which a day shows of 
falling to pieces when thrown into water and the rapidly with 
whidi t^e clay disint^rates varies in different clays. Moert 
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Open, porous, sandy claya break down rapid^ to a powdery 
mass; others may spawl or chip off slowly when immersed, while 
Btill otiiers do not slack at all or only otter long soaking. The 
slacking property is ime of some practical importance as eaaly 
slacking clays temper more rapidly while if the material is to be 
washed it disintegrates more rapidly in the log washer. Some 
of the calcareous clays used in the state disintegrate very slowly 
in water and unbroken lumps of tliem are scmetimes seen in the 
burned brick, 

Kjnds op clay. Clays are used for many different kinds of 
product, and while one kind of clay is frequently adapted to 
the manufacture of several kinds of ware, the several groups 
into which day products are divimble, commonly call for clays 
of widely different character. 

There are frequently serious misconceptions among laymen, 
and even some clay workers regarding the requirements of a 
clay to be used for one or another purpose, and it may be well 
to give the essential characteristics of the more important types 
of clay. 

Common-brick clays. Common briek are made from almost 
any kind of clay, and those available in Wisconsin range 
from the calcareous lake and estuarine clays, to the femiginous 
residual clays found in the central part of the state. Too sandy 
clays should be avoided, and the loessoid clays used at La Crosse, 
ArcadiEL, Viola, and other localities in western Wisconsin are 
about as siliceous as is desirable. 

Drain-tUe clays. Drain tile are commonly made from the 
more plastic and finer-grained brick clays. 

Pressed-brick clays. While many pressed briiA are now made 
from semi-fire clays, in some regions much less refractory ma- 
terials are employed. The promin«it and essential characteris- 
tics are uniformity of shade and freedom from discoloration 
when burned, absence of warping, low shrinkage, and the pro- 
duction of a good hard body in firing. 

Wisconsin contains an abundance of clays suitable for mak- 
ing pressed brick. The cream-burning clays are ultilized for 
dry-presB brick at Milwaukee and Green Bay, but the same type 
of material could be employed at other localities. Red-burning 
clays are being worked for this purpose at Menomonee, but could 
also bo found in other parts of the state. 
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Paving^rick days. Paying brick are generally manafae- 
tored from non-refractory clays or shales of fine grain, fer- 
ruginous composition, good plasticity, and good fensile strength. 
They vitrify usually at a low t^nperature, CCHie 2-i, have a low 
fire shrinkage and bom to a dense red body. At SMne localities 
a mixture of low-grade fire clay and shale is sometimes pre- 
ferred. The following analyses give the average composition of 
a number of carefully selected clays used for paving brick : 
AnaCyea of olay» utedfor making pavinff brioki.* 





Uintmum. 


Maximum. 


Average. 


Silica (SiO.) 


19. 
11. 
2. 
.» 
.10 
1.00 
3.00 


76. 

35. 
». 

3.50 
3.00 
5.60 

13 00 


K 






Ferric oxido (Pe,0,) 

Uma (CaO) 

lh«neei& tMgO) 


6.70 
l.SO 


Alkalies (Na,0, K,0) 


3.70 
7.00 







• WbMlsT, Vltrlflad VtriuM Bilok. 

The analyses show that the iron oxide, lime, magnesia, and 
alkalies are usually rather high. It is not safe however to use 
the chemical analysis as a means of judging the value of a clay 
for paving bride manufacture. 

Several of the clays from the residual area of Wisconsin fall 
within the Umits here given and there is hope that they may be 
naed for the manufacture of paving brick. I refer to those 
near Merrillan, Halcyon, and Pittaville, (See chapter on Re- 
sidual Clays.) 

HoUow-ware clays. Hollow bricks and fire proofing are often 
made from a red-burning clay, of low refractoriness and one 
which bums hard at a low cone. Since th^ are commonly 
molded by the stiff-mud process, they should be plastic, free 
from grit and stones. A low air and fire du^nkage is also desir- 
able. 

The mellowed or weathered JDaquokcta shale from Qrant 
and Lafayette counties, suggests itself as a material which ia 
pertiaps ezoell^itly adapted to tiiia line of work. Some of the 
calcareous clays have also been tried for hoUow-brick, bat are 
lees desirable thim the red ones. 
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Earthemoare days. Gonmum earthenware is made from im- 
pure claya, of good plBaticity, and fine grain, which bum moder- 
ately hard at a low ccoie, about 010. They must turn readily on 
a potter's wheel, and bum to a porooa body without excessive 
Bhrinka^. Most conooth plastic clays, whether cream or red- 
burning, can be employed toe making conunon earthenware, and 
can be found in many parts of the state, but are little utilized. 
Terra-cotta clays. Most terrar<sotta manufacturers employ 
a mixture of low grade fire claya for making terra-cotta. Its 
manufacture calls for a material, or mixture of materials which 
will bum to a good bard body, sufBcient density, have low to 
moderate shrinkage, and not warp or crack in firing. With the 
clay there is usually mixed a variable amount of grog. None of 
the days thus far disc(jvered in Wisconsin are likely to be of 
use for this purpose. 

Stoneware clay. Stoneware is usually made of a semi-re- 
fractory day, which bums to a vitrified body at from cone 6 
to 8, and holds its form well in burning. A No. 2 fire clay is 
found to sometimes answer the requirements. Stoneware is 
rarely made from one clay al<Hie, but usual^ from a mixture of 
clays. None of the Wisconmn clays observed would serve for 
this purpose and it seems doubtful if any stoneware clays will 
be found in the state. 

Fire clays are days of good refractoriness, that is to say, their 
fusion point should be at least equal to that of cone 27 and 
preferably higher. They contain a low percentage of total 
fluxes, commonly not more than 5 or 6 per cent, and bum to a 
light buff, but in all other properties they show considerable 
variation. N(me are mined in WiBConon at the present time, 
and the only region in which th^ are likely to be found is around 
Hersey or Qlenwood. The deposits form^ly worked th^ie hav& 
been abandoned. The shrinkage and density in burning often 
lead to their use for special purposes. 

The commonest use is for fire brick, but they are also em- 
ployed in the manufacture of glass pots,, and as ingredients of 
terra-cotta, stoneware, and encauatic-^e bodiea It should be 
borne in mind that all limy days which have not the r»not«st 
d^m to refractoriness also bum buff. 

Ball days are white-burning clays of hif^er plasticity than 
china days. Th^ are used for much the same products as the 
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latter, excepting paper, and are much more plastic than kaolins. 
The Heisey daya can perhaps be considered as intermediate be- 
tween a ball clay and kaolin. 

China days. Clays included under this head, most be of the 
highest grade. In chemical compodtioa they approach dosely 
to kaolinite aa shown by the analysis on p. 13, and have but a 
small percentage of fuable impurities. Th^ should contain 
under 1 per c«it ferric oxide, bum to a white color at cone 9, 
aiuyw high refractoriness and at least fair plasticily. They are 
never used alone, bat alw^a with an admixtore of flint, feld- 
spar, and ball clay. No such clays are now being mined in 
Wisconsin,, nor did the writer see any depomts of this type. 
Those formerly dug at Hem^, were of sufKciectly high grade 
to serve for white granite-ware manufacture. China claya are 
washed for ma^et. They are used in the manufacture of por- 
celain, white earthenware, wall tile, floor tile, and paper, 

8Up days. This term is applied to those clays which are 
easily fusible, and melt to a glass or enamel at temperatures 
reached in homing terra cotta and jstcoieware. They show a 
high percentage of fluxing impurities and often show a laige 
amount of alkalies. The occurrence of this type of days is dis- 
enssed in a separate chapter of the present report. 

Paper days. These form a type |of clay much nsed by paper 
manufacturers and having special qualities. Since the clays are 
not to be molded or burned, behavior under fire ia of no import- 
ance. The great essentials are whitaiess of color and freedom 
from grit. The latter is often eliminated by washing. The 
clays formerly worked near Hers^ were much used for paper 
manufacture. 
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CHAPTER n. 



METHODS OF BRICK MANUFACTURE EMPLOYED 
IN WISCONSIN. 

Although brick are now being manufactured at a number of 
localities, Uie equipment of most of the plants is quite simple, 
and the methods scmettmes ^nployed capable of improvement. 
Thi8 latter point is one of considerable importance for the fut- 
ure development of the Wisconan brick industry, as in order 
to compete Boceessfully with bricks ^pped in from other states, 
the yards of this state must have large capacity, good shipping 
facilities, and clay which is easy to mold, dry, and bum. 

Mining the clay. At the majority of the yards the elay bank 
or day pit is comparatively small, and the mining is done with 
pick and shovel, the clay being hauled to the yards in carts. At 
some plants a hght track is laid to the wcoking face, and the 
ears loaded there are hauled by horse power down to the yard 
(Pi. V Pig. 2). This is an eiceUont plan to follow when the 
output of the yard is smaJL Where tJie day deposit underlies 
a hill which slopes down to the yard, and there is little or no 
stripping^ a good plan, and one adopted at scHne yards is to 
loosen the clay with plows and then collect it with scrapers. 
These latter bring it down to a platform through which or from 
which it is disdiarged onto cars or carts (PL IT Fig. 4), and 
hauled to the works. This method commends itself in those 
cases where the deposit is worked from a flat or sloping surface. 

Steam shovels are employed for dig^ng day at some ctf the 
Milwaukee yards, <P1. IV Fig 1). This is one of the best meth- 
ods of mining where the quantity of clay required is large, the 
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bank not too high, and the nin of the deposit to be used. There 
are at present howwer few localities outside of Milwaukee 
where the scale of operations warrants the use of shovels. More- 
over at«am shovels eould not be economically used in many of 
the deposits where both red uid cream-burning clays occur in 
the same section of no great thickness, unless it is desired to mix 
the two together. 

Their use in the residual area should also be eonfddered with 
caution, unless the homogeneity and depth of the deposit, as well 
as freedom from rocky masses is assured. 

It would therefore appear that at most localities the mining 
of the clay with pick and shovels, or with plows and scrapers, 
(according to the conditions) is the best method to employ. 

The mixture. Very few yards made their bricks from one 
layer alone, but instead mix it with sand, or take the ran of 
the bank, which includes the top layer of sand or loam commonly 
present. The incorporation of sand is desirable partly because 
it decreases the air shrinkage in drying, and because in burn- 
ing its addition renders the calc&reous clays more dense, and 
in some cases lessens the fire shrinkage. If the top (sand is 
gravelly or stony the precaution should be taken to see that it 
is thoroughly screened. Neglect of this often causes serious 
injury to the brick, the more so if the pebbles are calcareous. 

Tempering. For making soft-mud or stiff-mudl bricks, the 
raw material is prepared in soak pits, ring pits, or pug mills. 
Of the three types the pug mill is most commonly employed, the 
clay being sometimes passed first through a pair of rolls. Rolls 
alone are of little advantage. Right here is where the utmost 
care is necessary, for many of the lake and estuarine clays are 
tough and slake slowly, and if not thoroughly tempered, there 
will be lumps of unerushed clay left in the brick which cause 
cracking in drying and burning, and also lower the transverse 
strength of the brick. Soak pits and ring pits are of small 
capacity as compared wit^ pug mills, and to be avoided if a large 
output from a few machines is desired. 

Molding methods. All three methods of molding are em- 
ployed in Wisconsin, viz., the soft-mud, stiff-mnd, and dry-press. 
The first named is used most, and the last named least. There 
does not seem to have been any definit« reason in many cases for 
the choice of machinery made at some yards, except cost. Gon- 

i:r-p.-,i ..V^nOO'^lc 



44 THE CLAYS OF WIBCOSSIN. 

mdering the characters of the clays, it will be sem however that 
certain types woric best with certain kinds ctf machine. Thns 
the sandy clays of the loess area in western Wisconsin, and many 
of the sandy surface clays of glacial origin, are best adapted to 
the soft-mud process, aa owing to their grittiness and rather low 
plasticity th^ would not be likely to work well in a stiff-mnd 
machine unless mixed with a more plastic clay. 

The stiff-mud process on the other hand gives excellent re- 
sults wit^ the cream-buming estuarine and lake clays, although 
the soft-mud process likewise works well. 

In t^e residual area the soft-mud) process, and stiff-mud 
process of molding are both used. When both brick and drain 
tile are made at the same yard, the stiff-mud machine has the 
advantage in that both types of product can be molded in it. 
So far as the writer is aware no repressing whatever is done on 
any of the Wiseonsin brick. 

The dry-press process is used at but three or four localities 
in the state but there is no apparent reason why its use should 
not be extended. It is now used for the lake clays at Milwaukee, 
Port Washington, and Green Bay, the snrface loam at Menom- 
onie, and residual clay at Halcyon. In using it on calcareous 
clays caution should be taken to grind them sufficiently fine 
before molding, and then bum them to a suf&ciently high tem- 
perature. It is found on looking o^er the teste of Wisconsin 
dry-press bricks, that those made from red-burning clays, which 
are more dense burning than the calcareous ones, give a brick of 
greater strength. 

Drying. The methods of drying commonly employed axe 
open-yard, pallet-racks, and tunnel dryers. Of these three only 
the first one is usually selected because it involves comparatively 
little expense; the use of tunnel dryers is however slowly in- 
creasing, and has been adopted at nearly all of the larger yards. 
It also permits operation in cold weather. In this connection, 
it is necessary to consider the ability of the clay to stand rapid 
drying without cracking. Most of the siliceous clays, can be 
dried moderately fast without much danger, but in the case of 
some of the lake clays or estuarine deposits, much care has to 
be exercised even in open air drying on pallets, and at many of 
the yards it is found necessary to have canvass screens to pro* 
tect the green bricks from the wind (PI. T, Pig. 1), The 
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amoont of ahrinkage that takes place in drying varies consid- 
erably, and is greater on the average for soft-mud than stiff- 
mud brick, as the following figures of measurem^te made on 
freshly molded and dried bricks will show. 



Per cent air ihrinkage. 





Linear. 


Cubical. 


Stiff mud— 


1.55 
7.11 
8.74 
4.22 
3.61 

9.72 
7.67 
7.36 
1.19 
4.46 
4. SB 
8.57 


6.75 


Menimac 










18.00 




21 SO 


Soft mud— 




Edgar 

MeSu 


85.10 
26.66 






Wanaau 


81 03 











Burning. Probably five sixths of all the bricks made in 
Wisconsin are burned in scove kilns, and the remainder in either 
circular down draft or continuous kilns. 

For common brick the scove kiln (PI. VI, Fig 1.) serves the 
purpose as well probably as any other, but does not give as uni- 
form results as a closed kihi. They are commonly burned with 
wood, although at some yards, wood is used for water smoking 
and coal for the rest of the burning. The temperature reached, 
is DOt, as a rule, high, being cone 010 or often less in the red- 
burning clays, and 1-3 in the ease of the cream-burning on^. 
At some yards a forced draft is obtained, by pumping air into 
the arches during burning, it being claimed that a saving of 
fuel ia thereby accomplished. While this may be, its use for 
burning calcareous clays should be made with care, as the writer 
saw some instances, where the bricks over the arch for a distance 
of several courses were completely and invariably melted down. 

Continuous kilns (PI. VII) are in use at several Milwaukee 
yards but the results are not always as uniform as might be 
desired, a fault which is chargeable perhaps to the construc- 
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tion of the kiln rather thui the meUKPd of buming. This fact 
has unfortunately operated to some ezt^it against the spread 
of the continuous kiln in Wisconsin and before condenming this 
method of buming, the manufacturer should examine the con- 
tinuoua kilns in use at more than one locality. 

The use of permanent waDed kilns of either rectangular tx 
circular form, up draft or down draft principle deserves more 
consideration at the hands of the Wisconsin clay workeis than 
it has hitherto received. The initial exp^ise has no doubt in- 
terfered with its introduction but these kilns permit of better 
control in firing, and give a more uniform product, as well as 
being more economical of fuel 

Very few of the bricks made in the state are burned to vitrifi- 
cation, and there is consequently but little fire shrinkage in many 
cases, and sometimes even a slight swelling. The low fire 
shrinkage is shown by a few measurements made at different 
yards. 



Linear Fira 




Bhrinkase. 


Shritikage. 







—.76 


16.M 





11.38 




7.49 


8.M 


3.37 


.75 


7.12 





—19.00 





6.75 


.79 


36.24 


1.51 




—.74 


5.89 


1.46 


7,27 



StiO-mud: 

Edgerton 

Uerrimac 

Port Washiogtoi 

Bacine 

SheboygBD 

Wauwatoes . . . . . 

Soft-mud: 
Clintonville .... 

Edgw 

Merrill 

Baciae 

Waueau , 
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GEOLOQY OF WISCO^'eIN CLAYS. 



CHAPTER III. 



THE GEOLOGY OF WISCONSIN CLAYS. 



This subject has been somewhat fully treated in the report by 
Dr. Buckley, but it will do no harm to refer to it again briefly 
in this volume, in order to permit a clearer diaenssion of cer* 
tain qnestions of practical importaoce. 

The clay deposdts of Wisconsin can be divided into two great 
groupa, viz., the residnal and tnmsported clays. 

Kesidual GiAva These are found at a number of localities 
in Wisconsin, but are only expo^ at those localities where there 
is little or no covering of later material. The area in which 
they occur most abundantly is in the central portion of the state, 
in the counties of ItDarathon, Wood, Jackstm, Clark, and Eau 
Claire, while in addition to these outliers are known in Mar- 
quette, Taylor, and Barron counties. In all of these counties 
except the last three it is possible to roughly outline an area in 
which the residual clays may be found, bat the actual number 
of recorded exposures is comparatively few. The reason for 
this scarcity of outcrops is twofold. In the first place the retd- 
dual clays of Wisconsin are very old geologically, and are not 
the result of surface decay of the rocks in very recent geolo^cal 
times. They have in part been formed in times earlier than the 
Potsdam, and the sandstone of the latter age has been laid down 
over them thus forming a protective cap. The clays cannot 
therefore be se^i unless the roof of Potsdam sandstone is re- 
moved. Thid has occurred at several localities, exposing the 
d^. in the second place there is throughout the reddual area 
s more or leffl heavy covering of glacial drift which completely 
hides the underlying formations. There are also residual clays 
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derived from Potsdam BcMsts, but even these are o£t«i heavily 
covered by glacial deposts. 

For these reasons, although tiie rendual clays are very exten- 
sive,, they are accesuble at but a small number of points. 
Among the' areas known in which they are exposed may be men- 
tioned Bingle, Stevens Point, Grand Rapids, Pittsville, Junc- 
tion City, Black River Falls, Halcyon, Merillan, and Eau Claire. 
In outlying districts they are found south west of Medford, neap 
Rice Lake, and northeast of Portage City. 

In searching for these clays, a careful examinati<Hi should be 
made along the streams, and other depressions^ and when a de- 
posit is found it should be carefully exploited by boring or test 
pitting, for the reasim that residual clays often show consider- 
able variation in depth. Where the clay occurs under the sand- 
stone it will probably not pay to work it unless the latter is very 
thin. 

Since the clays of this group have been derived from a num- 
ber of different rock types, and the parent rock exerts more or 
less influence on the clay, the residuals of Wisconsin can be 
expected to show more or less variation from place to place. 

Some residual clay is found in southwestern Wisconsin, in the 
areas of Galena limestone, from which it has been formed but 
the material is very stony, and not considered in this report. 

Transported Clays.' Those found in Wisconsin include 
glacial clays, marine clays, lake or lacustrine clays, estuarine 
clays, and loess clays of doubtful origin. 

Glacial days. These are scattered over a large portion of the 
state, and present several types. The m(«t common form is a 
shallow deposit, which often occupies depressions, and is of 
rather sandy character, or consists of laminae of clay and clay^ 
sand. These have usually been deposited in lakes that occupied 
basin-shaped depressions or were formed by the temporarj- dam- 
ming of valleys, and hence are thicker in the center and thin out 
around the borders. In a few instances, as around Menomonee, 
they show considerable thickness. The section of the bed is sub- 
ject to variation from point to point. Few of them are of great 
extent, but in any one area there may be a group of deposits, 



•For the origin of theae see Chapter I. 
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easaXy sceesible from some one plant, and whose combined 
contente are large. 

A second sab-type is that known as boolder clay, which is 
tongh, dense, stony material, often containing lai^ bouldera, 
that are thrown oat in woridng the clay. Deposits of this class 
* shoald be avoided as far as possible. 




^S MAQUOKETA SHALE llllllillllll NIAGARA LIMESTONE 

Vta. 4.— Hap ihowlng distribution of Uaqaoketa shale. 

Marine days. These are represented by the Cincinnati shale 
of eastern Wisconsin and the Maquoketa shale of aouthweetem 
Wisconsin. The fonner occnrs as a belt extending from Sturgeon 
Bay, BOnthwestward throngh Stockbridge, Oakfield, and Eagle. 
In gfflieral it is a calcareous shale, containing occasional layers 
of limestone, and weathers to a very plastic clay. The shale ac- 
cording to Buckley* is from 165 to 240 feet thick. Although it 

•Bni. wis. Geol. and NaL Hist. Survey, VII, Pt. I, p. 36. 
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underlies the belt mentioned above, still it is not exposed coti- 
tinuously. In order to produce the best results in brick manu- 
facture it is necessary to mix the fresh siiale with the weathered 
part, or if the latter is not available the shale should be allowed 
to weather somewhat first. In the southwestern part of Wis- 
consin the Maquoketa shale is to be looked for in the area out- 




lined on the map Fig, 4. There it is a somewhat calcareous shale, 
containing scattered bands of limestone which can be thrown ont 
in mining. The upper portion of the shale is mellowed to a 
very plastic yellowish clay, which bums to an excellent, dense, 
red body at a low cone. 

Another less desirable clay, is found below the surface loess, 
in the region surrounding the Maquoketa shale areas, and has 
been formed by the decay of the cherty Galena limestone. 
Around tiie borders of the Maqui^eta area the two are no doubt 
slightly intermixed. 

Lake or lacustrine days. Althou^ these cover but a com- 
paratively small portion of the entire area of Wisconsin (PI. II), 
they form nevertheless one of the most important clay resources 
of the state, for the reason that the deposits are of great extent 
and thickness. They underlie large areas in Door, Kewaunee, 
Oconto, Outagamie, Waupaca, Calumet, Winnebago, Waushara, 
Manitowoc, Sheboygan, Milwaukee, Kacine, and Emosha coun- 
ties in eastern Wisconsin, and a large tract in Ashland, Bayfield, 
and Douglas counties of northwestern Wisconsm. Although 
' forming a continuous belt along the shore of Lake Michigan, the 
width of it is somewhat variable. 

In Racine county according to Buckley* the lacustrine de- 
posits extend eighteen miles west of the present shore line; in 
Ozaukee county they narrow down to two or three miles, but 

•Op. eft., p. 36, 
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widen again to the northward, and maintain their width all the 
way up into Door county. Their greatest width however is in 
the r^on west of Qreen Bay and Lake Winnebago. 

Wherever found they usually show a great thickness, and most 
of the larger plants in the state are located on them. 

The lake clays vaiy from laminated beds, to masdve silty de- 
posita; they are nsnally red or reddish brown in their upper 
portion, and gray, blue or greenish below. Not infrequently 
there is a capping of several feet of gravel and loam on them, 
while the clay itself may contain masses of sand, boulder clay, 
or streaks of limestone pebbles, and these impure spots are either 
left standing in dicing the clay, or else are thrown to one aide 
in mining. 

On account of the thickness and ^tent of the lacustrine beds, 
they can be woi^ed with a steam shovel provided the size of the 
plant warrants it, but this method of digging is on^ economical 
where the machine can be kept in constant operation. It would 
not be practical where a separation of the several beds or benches 
in a bank is necessary. Where a steam shovel is employed, the 
gravelly overburden is first removed with pick and shovels. 

The lacustrine clays axe mostly cream-burning and the cream 
brick made from them at Milwaukee have long been well known. 
At not a few localities the upper part of the bank is red-burn- 
ing, this being due probably to the fact that the lime has been 
leached out of the upper few feet of the clay. With such con- 
ditions it is possible to make both red and cream bricks at somA 
yards. 

Estuarine days. At the time the lake days were being de- 
posited, many of the river valleys then existing were so deeply 
flooded as to practically become estuaries of the great lakes, 
which were then far more extensive than they are now. Much 
clay was deposited in the quiet water of these estuaries, giving 
rise to a type of deposits included under the head of estuarine 
days. Owing to the mode of their formation the deposits will 
be found in belts along the lines of drainage, and although dis- 
tributed over a considerable area, do not form a bed of more or 
less unbrokai extent as might perhaps be inferred from the map 
in Plate II. At many points where they are worked, the beds 
are found underlying a flat tract, bordered by sand hills, the 
section being somewhat as indicated in Pig. 3. 
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The estuarine deposits aa mentioned by Buckley* are fonnd 
along the Fox, Wolf, Rock, Wisconsin, Eau Claire, Chippewa, 
Black, Red Cedar, and other rivers in the eastern and aouth- 
eastem parts of the state. 

The estuarine clays are mostly thinly laminated, and have a 
maximum thicJtneas of from fifty to one hundred feet* 

They also vary more in theii" compo»tion than do the lacns- 
trine clays, the variation in their calcium contents being spe- 
cially noticeable. Owing to their proximity to streams, trouble 
is sometimes experienced with water seeping into the pit Like 
the lacustrine clays they may show both red and cream-bum* 
ing layera in the same bank. 

•Op. oit, p. 37. 
•IbiO, p. 37. 
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CHAPTER IV. 



THE WISCONSIN CLAYS, THEIR USES AND 
PROPERTIES. 

Oa the preceding pages brief reference has been mode to the 
geology of the WiBConsin clays, and the distribatiou of each ^pe. 
In tiie present chapter t^ere will be given the detailed results 
of the laboratory tests made on the samples collected in the field. 
For practical porposea it seems more desirable to group the cloys 
in this chapter according to their physical properties. Under 
each of the sub-gronps, the different occurrences are taken up 
as far as possible in geographical order. 

The subdivisions tiing made are : 

I. Buff or cream-bnmtng, calcareous clays. 

II. Red or brown-burning clays. 

III. White-burning clays of refractory character. 
rV". Slip days. 

1. Cbeam-Boknino Calcaheous Clats. These occupy a 
large area in the eastern and sontheastem portion of the state, 
and a small area in the northwestern part, as mentioned under 
estuarine and lake clays. In addition there are a number of 
scattered deposits of glacial origin, as well as some shaly beds 
belonging to the Cincinnati shale. 

The ocenrrences belonging to the several formations are not 
separated, but the discus^on of all cream burning deposits is 
taken up in geographic order from west to east, and from south 
to north. In some cases where a. red-burning clay overlies the 
cream-burning one, the tests on it are included in this group, but 
a cross reference is made to it under its locality In the discussion 
of Uie red-burning clays. 

D£TAn£D DESCIUPTION OF OCCDBBBNCES. 

Monroe, Oreen Co. There are two yards at this locality, one 
of these is operated by Kuster, Bowman and Sehober, and the 
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other is worked by F. Freeze. The former is mentioned under 
the red-burning clays. At Freeze 'a yard the aectiwi involved is 
loam 2 feet, yellowish red-burning clay 8 feet, blue clay (white- 
burning) 2 feet. The red clay in the middle of the section is 
very similar to that at the other yard but leas sharply laminated. 
Near the bottom of the bank just above the blue clay there are 
several layers of limonite which are thrown out in working the 
pit. The blue clay (Lab. No. 1044) which is of silty character 
works up with 22 per cent of water to a mass of good plasticity. 
In burning it behaved as follows: 



Wet-molded briokleta: 
Cone.... 


010 

light buff 
32.68 


06 

.3 

cream 

36.70 


03 

.6 

cream 

36.99 


1 


Flte ehrinkage 


.6 




u.m 







It can be seen from these tests that the material is veiy gritty, 
of very low shrinkage, and high porosity so that it is probably 
used for making a common brick. 

Uses. The clay is now being used for brick manufacture and 
both cream and red brick are made from the different layers in 
the bank. The material is tempered la a soak pit, molded in a 
horse-power soft mud machine, dried on racks and burned either 
in a acove kiln or a round down draft kiln. 

Edgerton, Rock Co. The cream-burning estuarine clays have 
been opened up on the southwest side of the railroad a few yards 
west of Edgerton depot and adjoining the brick yard of Whittet 
Bros. (PI. Viri., Fig. 1). This section involves: 

Bed clay 3 to 4 feet 

Bine clay 9 feet 

Qravelly bottom clay 

The top clay (Lab. No. 1028) is said to stand less fire than 
the bottom clay and shrinks more in burning, but the lower is 
the one chiefly used. Its physical properties were as follows: 
Soluble salts, ,24; slaking moderately fast, plasticity excellent; 
grit low. It worked up with 22 per cent of water, and had an 
air shrinkage of 8,5 per cent. Its average tensile strength was 
228 pounds per square inch with a maximum of 260 pounds per 
square inch. In burning it behaved as follows. 
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Wet-molded brick- 
leta: 


010 
.3 

buff 

29.16 


OB 
si. aw. 
cream 

30.11 


03 

si. sw. 
cnAm 

30.13 


1 


light 

86.77 


9 

a.3 

ligbt 
baif 
S4.S1 




FinehrinkM*.... 


S.3 
light 
bus 
23.86 


AbeorpUon 



It bumB steel h&rd at cone 2 but gives a sufficiently bard 
body for bricka at a lower temperature. In burning the clay 
does not deepen perceptibly even up to cone 2. The large brick 
cra(^ badly when dried rapidly and on this aceonnt eare has to 
be taken in air drying the product. 

The material ia nsed at the present time for the manufacture 
of common brick and in making brick a mixture of the run of 
the bank is used together with one-half yard of sand per thou ' 
sand bride. The bricks are molded on a stiff-mud machine, 
dried under sheds, protected from the wind, and bnmed in Dutch 
kilns. The blue clay alone works best for drain tile, for the 
presence of the red clay tends to make it tear in molding. 

The top clay is said to shrink more in burning but does not 
bum to as light a cream in color and the difference in size and 
hardness in bricks made from the two different kinds of clay 
is qnite noticeable. The average burned bricks made from the 
run of the bank are considerably softer. The bricks made from 
the top clay on account of their greater density and hardness 
are sold for pavements. 

Whitewater, Walworth Co. Here again the estuarine clays 
are employed for brick manufacture at the yard of the White- 
water Brick and Tile Company. The elay bank,, which la a 
rather shallow excavation, lies on the north «de of the yard and 
is pari; of a lai^ deposit underlying a lai^ area which is sur- 
rounded by small sand hills. Borings in the clay have shown 
it to have a depth of 25 to 30 feet, and to be underlain by sand. 
The clay contains occamonal sand streaks as well as lime peb- 
bles. The material as dug is not used for the manufacture of 
brick but about 10 per cent sand is mixed in with It, this beii^ 
obtained from the hill to the east of the yard. The general 
phjrsical properties of the clay and brick mixture are given in 
parallel columns for purposes of comparison. 
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Material 

L«*.No 

Color 

Soluble salts .. 
Water required 

SlakluK 

PlB8ticit7 

Grit 

Air stiriiiluge . 

ATsmge tensile Btrength, 
Uazimum tensile strength 

Wet-moUed twicklets— 
Cone 010: 
Fire shrinkage 

Color 

Abaorptitm. 

Cone 06: 
File shrinluge 

Color 

Absorption 

Cone 03: 
Fire shrinkage 

Color 

AbeorptioD 



Brick mixture 

1,011 

Tellov brown 



m^uE 



Cone 1: 
Fire shrinkage 
Color 
Absorption 

Cone 2: 
Fire shiinki^(e 

Color 

Aboorption. 

Cone 3: 
Fire shrinkage 
Color. 



Fire shrinkage 

DtT-preesed biicklets 
Cone 05: 



Conel: 
Fire shrinkage 

Color 

Absorption. 
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Chemical compoiition. 

Silica (810.) 32.48 42.28 

Alnmina (Al^jl 7.31 8.26 

Ferric oiid6(Fe,0j) 4.37 3.84 

Iiime(CaOi 18.44 13.05 

Magneaia (MgO) 7.19 6.01 

Potash K,0) 2.01 2.51 

8oda(Na,0> 48 .49 

Titanicacid (TiO.) 12 .06 

Loea OD ignitioo 27 . 70 22 .07 

Total 100.09 100. B6 

Total flaxea 32.48 25.90 

It ia iuterestmg to compare the tests of these two clays. 
It will be noticed that owing to the much higgler percentage of 
lime carbonate in the clay than there is in the brick mixture, that 
the former bums to a more porous body, bat it also has a Icrwer 
fusing point, lower tensile strength, and a higher shrinkage at 
cone 1 because its point of viscosit? is being approadied. - A 
large brick made from the cl^ ediowa that it stood rapid drying 
without cracking while t^ brick mixture did not seem to stand 
as fast drjong as the raw clay. 

Uses. The material at the time of the writer's visit was be- 
ing employed for the manufacture of common cream-colored 
brick. The clay is prepared by passing it through rolk, then 
through a stiff-mud end-cut machine. The bricks are dried in. 
long sheds with steam pipes underneath^ while the burning is 
done in a circular down-draft kiln, at cone 1. In this the bricks 
are set about 25 courses high and show a settle of 4 to 6 inches. 
Some tile are made, but for these the sand is left out, the clay 
alone being employed. 

Elkhom, Walworth Co. The calcareous clays located at this 
point have been worked by the Elkhom Brick and Tile Com- 
pany for the mannfactnre of brick and drain tile. For mak- 
ing brick the run of the bank is used, while for the manufaetare 
of tile the more plastic or lower ^eds of the bank have been 
employed. The tests of these two bring out quite well the dif- 
ferent physical qualities that can be obtained by using eitb^ 
certain layers of the bank or a mixture of the section and for 
purposes of comparison the two are given below. 
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Material Drain tile mixtura 



Laboratory No 

Water required 

Slackitw 

Plaaticitj 

Grit 

Air shxiiikage 

Avera^ tenaile sb^ngth. . . . 
Maximum tenaile Btrength . 

Wet-molded brickleta— 
Cone 010: 

Fire ahrinkage 

C3olor 

Absorption 

Cone 06: 

Fire ehrialisge 

Color 

Absorption 

Cone 03: 

- Fire shrinkage 

Color 

Absorption 

Fire ahrinkase 

Color 

Absorption 

CoDeS: 

Firs shrinkage 

Color 

Absorption 

Cons 3: 

Fire shrinkage 

■Color 

AbwrptioD 

Steel hard 

Viscous at..... 



1061 
19.8 
slow 



si. BW. 
buff 
SI. 03 



Qreenish yellow 



Bh yell 
4.49 



19. »< 

moderately fast 

goocl 

much, sUtj 



si. sw. 

tight buff 

31,75 



deep buff 

».90 

above eone 3 



The tile clay gives a good hard body while the brick mixture 
which is a very sandy porous clay shows a curiously high tensile 
strength ciTDsideriDg its silty character. This same property also 
causes it to bum to a very porous body. 

Kenosha, Kenosha Co. Gream-bttming brick clays are woriied 
at this locality in the yard of W. J. Craney. The section io- 
Tolvefl: 

Soil - 18 in. 

Deep red olay 7 ft. 

Blue or cream-burning claj 6 ft. 
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The propertieB of the two are as follows: 



HBterial 

lAboratory No 

Color, molBL. 

Soluble wlta < 

Water requii^ 

Siskins 

PUfltiraty^ 

Grit 

Air abriakagft. 

Arersge tensile strenfftli . . . 
Hmximum tensile strength.. 

Wet-molded brioklets — 
Cone OIC: 

Fire shrlnksge. 

Color 

AbeorptioD 

Cone 05: 

Fire stuiDkage. 

Color , 

Absorption 

Cone 03: 

Fire shrinkage 

Color 

Absorption 

CoMl; 

Fire shrinkage 

Color 

Cone 2: 

Fire shrinkage 

Color 

Absorption 



Fire shrinkage . 

Coktr 

Absorptloa 

Conel: 
Fire shrinkage . 

Color 

Abeorptlon 



Lower blue clay 


Upper red clay 






brown 


brown 


.45 


.27 


17.6 


S&.3 




fast 


high 


high 


aone 
4.5 



al. aw. 

light brown 

36.75 



si. sw. 
lightjplnk buff 



1.33 
light buff 
28.19 
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Chemical compoaition, 

Silica iSiO,) 38.62 M.41 

Alumina (AI.Os) ij.75 18.10 

Ferric oride ,F»,0,) 8.22 5.91 

Lime (CaO) 1*.01 6.28 

Magnesia (MgO) 6.27 .14 

Potash |K,Ol :..... 2.65 1 54 

Boda(Na^O) .89 .49 

Titanic add ITiO.I .07 .26 

Loss on ignition 19.98 12.34 

Total 99.50 100.46 

Total fluxM 32.07 14.36 

A large brick made ol tJie blue clay stands rapid drying fairly 
well but the clay does not bam steel hard until cone 2. The 
upper red clay gives a good hard brick even at cone 010 but does 
not bum to a very good color and the day is not as homogen- 
eous in it« color burning qualities as the preceding sample. 

The difference in tensile strength is most noticeable, as is also 
flie difference in shrinkage and fiiabilily. The upper red clay 
on account of its easy fusibility makes a fair grade of slip, burn- 
ing to a deep brown glaze at cone 6. 

Uses. The clay which is finely stratified has been used in tJie 
manufacture of common briii in the proportion of one half red 
top clay and half lower blue clay. The material is run tiirou^ 
a crusher and molded in a soft-mud machine, and dried in hacks 
on the yard. The brick are burned in scove kilns. 

Bacine, Bacine Co. This is one of the most important brick 
making localities in the state there being a number of good 
banks located along the lake shore north of Racine, and also at 
North Point i miles north of the town, as well as on the south- 
eastern edge of the town. The section in nearly every bed shows 
a cream-burning clay overlain by the gravelly sand or gravelly 
loam and just north of town on Main street the section usually 
shows about 2 feet of sand and gravel underlain by 6 to 8 feet 
of buff-burning clay which in turn rests on a sticky clay that is 
not used. At North Point the section of the clay bank at the 
time of the writer's visit showed 

Soil 6iD. 

Coarse loamy sand 1 to 3 ft. 

Purplish clay 6 to 8 rt. 

The tests made on the several clays are given side by side 
after which they are discussed comparatively. 
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Localitj 

Lab. No 

Soluble salte 

W&ter required 

SlakioR 

PlasticitT 

Grit 

Air nhnnkage 

Average tensile streDgth . . . 
M&zimuiD tensile strength . 

Wet-molded brlclclets— 
Cone 010: 

Fire BhrinkBge 

Color 

Absorption 

Cone 06: 

Fire sttrinkage 

Color 

Absorption 

Cone 03: 

Fire shrinkage 

Color. 

Absorption 

Conel: 

Fire shrinkage 

Color 



Cone 3: 
Fire shrinlcage . . 

Color. 

Absorption 



it Cedar Bend 
Yard. 
1106 
.18 

le.s 

fast 



lAke Shore 
Tard. 
IIIG 
.21 
17.6 
fast 
good 
much, fine 



buff 
6.15 



light gray 
buff 
13.00 



Cone 6: 
Fire shrinkage. 
Steel hard 



greenish 
buff 
S0.30 



cone 3 



cone 1 



buff 
SS.31 



conel 



The Cedar Bend clay is le^ calcareous than the others and 
hence bums a different color. There is not much difference in 
the poroaity to cone 1, at which temperature the clay mentioned 
shows a higher sshrinkage and lower absorption. 
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ChemioeU eompoaiOon. IIIB 

Silica (SiO.) 47.36 

Aluniina (Al^O,) 8.96 

FBTric Mide ffi'o.O,) 6.68 

Liine(C«0) 13.10 

M«gone»(M^) 1.36 

Potash (K,0) l.» 

8od»lN«,0) 0.68 

Titanic acid (TiOi) U 

Inee on ignition 19. OB 

Total "mjM 

Total flaiM 96.10 

Uses. These clays are used at the present time for the mann- 
facture of eommon brick and the product produced ia one of the 
hardest made in the state, although it requires a higher tempera- 
ture to bum it than that needed in many other localities where 
similar types of clay are employed. The one interesting feature 
connected with the manufacture in this region is that several 
different processes of molding are employed. Thus at the North 
Point yard the clays are molded in a stiff-mud machine, rec^v- 
ing their preliminary preparation in rolls and a pug mill, while 
they are dried in the sun and burned in Dutch kilns. A mix- 
ture of 1-3 sand and 2-3 clay is used. 

At the yard jnst north of Racine the clay is tempered in ring 
pits or pug mills operated by horse power and molded in soft- 
mud machines, while- at the Cedar Bead yard the clay is molded 
Boft-mud and then repressed. 

The strength of the three are as follows : 





Crushing 


Trana«n«. 


AbBorption. 



































The burning at the yard just north <]cf the town is done in 
scove kilns, while at Cedar Bend the bricks are burned in Dutch 
kilns. At the North Point yard a temperature of Cone 1 is 
reached. 

Burlington, Racine Co. Here again cream-burning days are 
worked at the yard of the Burlington Brick and Tile Company 
of which Mr. William Meadow is the manager. The clay pit 
which is located near the yard shows the following section : 
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Stripping Si^fMt 

Redclay S tMt 

Sand (used with tbvcli^ for brick and tile) 1 foot 

Bine clay 3 feet 

Bed (tnvel (water bearing). 

The various layers in the bank are quite distinct, although 
not sharply mailed and those on the upper part are quite 
strongly laminated aa well as being tinged with iron oxide. The 
blue clay is quite tou^ and contains occasioiial pebbles. 

In making the bricks they find that the blue clay has a greater 
shrinkage than the red, as confirmed by the laboratory testa. 

The physical properties of the two clays were as follows: 



Laboratory No . . 

Material 

Color, moiat .... 
Water required . . 



Plasticity 

Grit 

Airahrinkage .. 



Wet-molded brickleta— 
Cone 010: 

Fire ihriDkage 

Color 

Abaorption 

Cone 06: 

Fire fltarinkage 

Color 

Abaorptioii 

Cone 03: 

Fire shrinkacB 

Color 

Abeorptloa 

Cone 1: 

Fire shrinkage 

Color 

Abaorption 

ConeS: 

Fire ahrinkag* , 

Color 

Absorption 

Cone 3: 

Fire ahriukaga 

Color „ 

Absorption 

ConeS: 

Fire abrinkage 

Steel bard 



1062 
opperolay. 


1051 
k>wer blue cUy 




30.8 


7.3 


high 
none 
9.1 


1.3 
buff 
21.97 


1.6 

pink buff 

22.87 


1.3 
bnS 

i9.ee 


1.6 

bink buff 

83 


1.3 
buff 
19.43 


7.3 
buff 
13.60 


yellow huff 
14.33 


Ti«»U« 


2.7 

yellow buff 

13.37 




2.7 

greeniab buff 

13.16 




TiacouB 
06 
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Chemical anaf/UU. 

BiU<»{SiO,) 41.86 

Alumina (Al.O.) ItSi 

Ferric oiide (P»jO,) 6.6» 

rjiine(CaO) 9.38 

Uafcneeia (MgO) 4.75 

Potash (K,0) 3.73 

Soda(Na,q) 98 

Titanic acid (TiO,) JK 

Loea on ignition 17.8S 

Total 99^ 

Total fluiea ».47 

The lower blue clay is a very fine-grained day and one of the 
most easily fusible of the entire series tested, but it bums to a 
good bard body at 05 while the top clay is quite giitty, but also 
gives a good buff body at 05 with a low shrinkage np to cone 1. 
The color deepens considerably at cone 3. 

Uses. The clay is used for the manufacture of both brick and 

tile. For the former the clay is tempered in a soak pit and 

, then put through a stiS-mud machine. The brick and tile are 

dried on jiallets the former being burned in score kilns and the 

latter in down draft kilns at 04. 

Madison, Dane Co. Clays are worked at D. Stevais' yard 2 
miles west of the city. The section of the bank shows : 

Loam 1ft. 

Coaree sand 8 (t. 

Bed cla; with limonite strsaka 8 ft. 

Blueclay lOft. 

The top clay is red-burning while the lower clay is cream- 
burning as can be seen from the following tests. The tests of 
the top clay are nevertheless put in here for purposes of com- 
parison. 



Material 

Lab. No 

Soluble aalta 

Water required 

Slaking 

Plaaticity 

Grit , 

Airahrinkage 

AvMage tenaile strength . . , 
Uaiimum tensile strength. 



modBratel; fast 

good 

vaciable 
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Wet moldMl bricklets— 
OoneOlO: 


.3 
vellov brown 
15.90 

17 

light red 

13.19 

7 
red brown 
1.90 

via. beg. 


.7 




ns" 




ComW: 
Fire ahriDkam 





Color.. 








Cone 03: 










so.u 


CoDel: 












ConeS: 
Fire Bhrinkage 


3.1 


Color.. 












cone 3 









The first of these clays is a rather porous material which 
however bums to a good red body but ahoold not be burned 
much above cone 03. While the lower cream-burning clay gives 
a hard body and eveo at cone 010 gave a good hard brick, al- 
though its fusion point is higher than that of the red clay. 

Vaes. The clays are used for the manufacture of common 
brick and the run of the bank of either the bine or the yellow 
is selected, to this about 1-4 sand being added. There are occa- 
«onal lime pebbles in the clay but these tend to occur in pock- 
ets rather than uniformly scattered through the mass. The 
clays are worked in a soft-mud machine and burned in scove 
kilns. 

Jefferson, Jefferson Co. The eetuarine clays have been de- 
veloped around this locality and are being woited at two yards, 
viz., that of the Jeffersoa Qrick and Tile Co., and the other that 
of Eemmeter Bros., but at the present time both are controlled 
by the same firm. At the former works the character of the 
cls^ is fairly well shown becaoae an ertensive although shallow 
excavation has hemi made. One result of this has been to bring 
ont the horizontal variation in the character of the materiaL 
The woridng face which is about 6 feet high shows a bluish lami- 
nated cl^ at the western end of the bank,, while at the north 
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gide- the material dug is termed a yellow clay and although more 
sandy than the blue is really nothing more than a weathered 
phase of it. At both points the clay is overlain by about a foot 
of black soil. At the aotith side of the bank there is another pit 
which shows a blue clay overlain by from 1 to 2 feet of coarse 
yellow sand which in turn is covered by a thin layer of ami. 
The blue clay is harder and more brittle vriiea dried, as well as 
more strongly laminated than the yellow clay. 

A still more plastic, finer-grained phase adapted t« drain tile 
is obtained from the northeast end of the yard, and at the same 
level as the clay in the first part of the excavation mentioned. 
The general characters of the blue and the yellow clay are as 
follows : 





Yellow clay 
1016 
17.6 
fast 

in mod. amonnt 
4.6 
252 
S98 








PlBrtiraty 








Wet-molded brickleta- 
Cone 010; 










Cone 05: 


el. ew. 

deep buff 

3\M 

8l. ew. 
buff 
31.71 

light buff 
32.47 






Gone 03: 






Conel: 


Color 




Cone 2: 










Cone 3: 








Abeorption 





moderately fast 

good 

little, fine 



si. aw. 
31^ 
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No. 1015 when molded into a large brick and dried riqjidly 
shows a slight t«Ddency to crack and the same ia true of the bine 
elay which is very dense but boms to a good cream body, al- 
t^agh not aa dark-burning as that from Whitewater. While 
it gives a good hard brick the latter is not by any meuis dense 
as can be seen from the absorption tests given above. 

Uses. These clays are being exclusively used at the present 
time for the manufacture of common brick and drain tile. At 
the yard of the Jefferson Bnck and Tile Woib the material ia 
prepared in soak pits, molded in soft-mud machines, dried on 
hacks on the yard and burned in a scove kiln. For brick-mak- 
ing equal proportions of the blue and yellow were taken and 
mixed with about 12 per cent of sand, while the blue clay alone 
is used for tile. If the bine clays are used alone it is claimed 
that they show a tendency to swell and will not bum to a good 
hard brick, but the reason for the latter is probably due to their 
being burned at too low a temperature. This is one of the few 
yards in Wisconsin at which forced draft ia used for burning 
but here it is employed only during the water Bm(^ing. The 
tile are burned in a circular down draft kiln. 

At the second yard, namely that of Kemmeter Brcs. the clay 
in its general appearance and burning qualities as judged from 
fta general character of the ware ia very similar to that of the 
first yard and the process of manufacture is quite similar. 

Watertown, Jefferson Co. The estuarine clays are worked 
here and the bank shows the following section. 

Black loam 1 tt. 

YBllowcUy 7 to 8 ft. 

Blue clay 25 ft. 

The lower clay is not worked, however, to a depth of much 
more than 8 feet. 

As can be seen from the following tests better results are ob- 
tained by using a mixture than by using the blue clay alone. 
The properties of the two were : 
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Bl>ie clar 




L»b.No. 


nil 




.87 




90.9 

slow 

esoelleot 

little 

7.1 




Slaking.. 


alow 




high 








4.5 




S33 








Wet-molded brickleta - 
Ckme 010: 




si. aw. 
cream 
31.18 

Bl. BW. 

cream 
31.64 

Bl. BW. 

cream 
20.S1 

S 

light buff 

27.47 


.3 








21.86 


Cone OB: 


.3 










Cone 03; 












Cooel: 










17.31 


Cone 3: 






buff 




16.8S 


Dnr-presB brickleta- 


al. BW. 


oZr'ZT:'^.::::::::::::;::;:::: 










27.41 









Comparison of the properties of the two setB of clays show 
that the main points of difference are, lower air shrinkage, and 
greater density in the brick mixture, while the cl&y alone swells 
in burning. 

The clay alone is a porous, finely silty material, which bums 
to a good cream body. The mixture when dried is coaise grained 
and shows scattered mica scales. 

Uses. The clay which imderliea a considerable area in this 
r^on is used at the worics of L. H. Cordes & Co. for making 
common briek. 



TBMIB VBBB AJTD PBOPBRTJEa. QQ 

The material ia put throng roUa and then damped into the 
•oak pit together with the reqaisite amoont of sand. The quan- 
tity being used is one load of sand to two loads of clay. The 
moldiiig is done in soft-mud machinea The bricks are dried 
in hacks on the open yard. Score kilns are used for the burn- 
ing. The mixing of the clay is not very carefully done and the 
product GonjKquently shows some variation in size, even in the 
air dried material. They claim that in burning there is no 
BweUing of the product but it probably occurs, although so 
slight that they have not noticed it. 

Port Atkinson, Jefferson Co. The estuarine clays have been 
opened up to the east of town where they are found underlying 
a flat area bordering the Bock River and surrounded by low 
hills of sand on whose slopes the clay thins out. The clay has 
been excavated to a depth of 10 feet but is claimed to be at 
least 40 feet deep. It is a tough bluish clay (Lab. No. 1014) 
with yellow mottlings having the following physical characters 
Color moist, light brown ; soluble salts, .44 ; water required, 28.6 
slaking, fast; plasticity, high; grit, little; air shrinkage, 7.6: 
average tensile strength 166 pounds per square inch with a max- 
imum of 231 pounds per square inch. The material will not 
stand rapid drying and the large bricks tested in this manner 
split badly. The behavior of the clay in burning was as follows: 



Wet-molded bricklets: 
Cone 


010 

1.7 

light red 

25.7* 


05 

2.3 

cream 

S6.S8 


03 1 




2.8 13.6 

light bufF yellow buff 
23.79 3.6C 





The clay burned steel hard at 03 and gave a good body even 
at 010. Its shrinkage up to 03 was quite low but above that in- 
creased rapidly as its fusion point was approached. 



Dt7-prefl8 bricldets: 

Fire sbriakage 

Color 

Absorption .... 



It gives a fairly good dry-press body at 05. 
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Uses. lAt the present time the clay is lued by the Fort AtMn- 
Bon Brick Mtg. Co. for the mannfacture of common brick. For 
making these 7 parts of the clay are mixed with one of sand the 
latter being obtained from a neighboring hill. The molding is 
done in soft-mud lioise-power machine, drying on pallets and 
bnming in score kilns. 

OranvUle, Milwaukee Co. The estuarine clays have been 
dug about one lialf mile northwest of Granville station, for 
drain tile and brick purposes, and the deposit which has not 
been woi^ed to a depth of more than 6 feet consists of alternate 
layers of a blue and red clay which it is said extends to a depth 
of about 9 feet, under which there is a solid blue clay which a 
well has penetrat«d to a depth of 200 feet Both the surface 
clay and the underlying clay bum buff, and there seems to have 
been no leaching of the lime frwn the upper beds at this local- 
ity. Ab it was claimed that the surface 2 feet had a different 
character from the run of the bank including the lower bed a 
physical test was made of each with the following results: 



Haterial 

I«b.No 

Col<» 

Soluble salts 

Wat«r rsquirad 

Slaking 

PlMticitT 

Grit 

Alrahriakage 

Wet-molded brickleta— 
Gone 010; 
File shrinkage . . . . 

Color 

Absorption 

ConeO&: 

Pire ■hrinkage 

Ookw 

Absmiition 

Cone 08: 
Fire shrinkage .... 

Color 

Absorption 

Cone 1: 
Fire shrinkage .... 

CoIm - 

Abeorptioo 



Surface clar 
1112 



Bun of bank 

1136 

light brown 

.19 

SS 

alow 

exoellent 

aome,flne 



. brownish yellow 
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The difference in character ia here quite aotieeable on com- 
paring the air shrinkage, fire shrinkage, AensAy and fusi<»i 
points. 

Of these two clays the surface one ia a more easily fusible 
clay and became Tiscons at cone 1 while the other did not bo- 
come viscous until two or three cones higher. The latter, how- 
ever, burned to a fairly hard brick even at c<me 010 and makes 
a good drain-tile. 

Vses. At the pres^it time tiie material is used chiefly for the 
manufacture of drain tile "which are burned in up-draft kilns 
giving a good product at a comparatively low tranperatnre name- 
ly 010. 

A similar clay deposit has also been opened up by the Wi»- 
consin Brick and Tile Company in eastern Granville, whose 
works are located on the east side of the Chicago and North- 
western track one mile north of Qranville. There again the 
clay is cream burning although red in color and it is likewise 
somewhat stony in its character in places. 

Milwaukee, MHwaukei Co. This city is the most important 
brick-making center in the state of Wisconsin, there being a 
number of large yards in operation for the manufacture of com- 
mon and pressed brick. The claya worked around Milwaukee 
are to be classed geologically in part as lake clays, and in part 
as glacial deposits. Physically, they are to be classed as siity 
clays, but may show more or less variation in the same hank'. 
All are of good plasticity. In some banks the laminations are 
quite distinct while in oUier banks the clay appears to be quite 
massive and the bedding planes are not at all prominent Here 
and there through nearly all of the deposits are masses of 
bouldery clay or lenses of sand which in the working of the 
hank muflt either be thrown out or worked around. At most 
of the banks there is also a variable overburden of glacial drift 
which has to be stripped off before the day can be dug. While 
the run of tiie Milwaukee clays ia cream-burning, there is here 
and there a surface deposit of red-burning loamy clay whidi is 
-dug to some extent by the local potters for the manufacture of 
common red earthenware. These deposits are always shallow 
and rarely of great extent. At the present time most of the 
clay used by the earthenware potters is obtained from the re- 
gion around Bay View. 
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The following testa will serve well as indicating the pl^sical 
character of the eream-buming Milwaukee clays. 



Localitr Chase Brick Co. 

lAbot&tory Dumber 

Color, moist 

Soluble salts 

Water required 

Slakine 

Plasticity 

Air sbrinkage 

Average teasile strength 

Haximum tensUe strength. . . . 

W«t-molded bricklets— 
CoDe 010: 

Fire shrinkage 

Color 

Absorption 

Cone 06: 

Fire shrinkage 

Color 

Absorption 

Cone 03: 

Fire shrinkage 

Color 

Absorption 

Cone 1; 

Fire shrinkage 

Color 

Absorption , 

Steel hardat cone 3 

Drr-press bricklets — 
Cone 3: 
Fire shrinkage 



Burnham Bros, 

Waawatoas yard. 

1,009 

gray 

.18 

15.4 

moderately fast 

much, coarse 



b1. sw. 
buff 
18.SC 



•1. sw. 

light buff 

».70 



Cheminal compotition. 



Laboratory number.. 

SilioalSiO.) 

Alumioa (Al^,) 

Ferric oxide (Pe.O,) . 

Linie{CaOl 

Uagntaiaf&fgO) 

PotashrK.O) 

SodafNa.O) 

Titanic acid (TiO,),.. 
Loss on ignition 



37.76 
9.07 
3.60 
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Uses. The clays around Milvaukee are used chiefly for the 
manufacture of commiUL building brick but iu addition some 
dry-presB brick are also manufactured. The firms now in operar 
tion are the Chase Brick Co., The Standard Brick Co., Bumham 
Bros., M. Davelaar & Sons, and the Cha& Kraatz Brick Co. 
The methods of manufacture foUoved are Bommansed below. 



Nam*. 


Teinp«»rin(t. 


Moiaicg. 


DrylDg. 


Burning. 




PugmUlB.. 




Hot air 


Soove and 








tunnela. 


coDtinu- 






















ell Aw. Yd. 










DttTslBu & Bona 


Fottai 


Soft mud.. 


PalletB.... 


Scoye kUua 


ChMe Brick Co 


Fug mill 


Stiff mud, 


Stsam 


ScDve kilu 








heated 






gated rolls 




tunnels. 




Kiwta Brick Co 




'^Jr'S^ 




Bumham Bkm., Wbu- 


PugmiU.. 


Stiff mud. 


Scovnand 


watoaa. 




dryprew. 


■team tun- 
nels. 


coDtbu- 
ouakUns. 



Uerfimack, Sauk Co. Bordering the Wiaconsin river at this 
point there is a consderable deposit of clay and sand, which 
Buckley has classed as estaarine but which may be of glacial 
origin. It is of somewhat variable character consisting of large 
masses or lenses of clay surrounded by coarse stratified sands 
and sandy clay and even the most plastic portions of the clay 
are quite gilty. Although there are two yards here, one on each 
side of the river, the largest excavation is that of the !M]eTTimack 
Brick Co. on the southeast side of the river near the end of the 
railroad bridge. The bank here shows a very irregular deposit 
of clay surrounded by coarse to medium grained stratified sands 
and gravels. The clay itself varies from a laminated sandy 
clay to a tough silty clay, the latter being quite similar to some 
of the deposits worked around Milwaukee. 

The part of the deposit exposed does not represent the thick- 
est part as Mr. J. W. Brownrig states that a well bored at the 
engine house penetrated 90 feet of blue day. For brick making 
the tough silty clay is not used alone but mixed with about 15 
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to 20 per cent of sand, the effect of this admixtare being brou^t 
out by the follonring tests: 



Material 

I«b.No 

Soluble 8alta 

Color. 

Water required 

BUking 

PUsticitj 

Grit 

Air ahrinkaite 

Average teoalle atrengtfa . . . 
Haximum tensile strengtb . 

Wet-molded brickleta— 
Cone 010: 

Fire shrinkage 

Color 

Absorption 

Cone 06: 

Fire shrinkage 

Color 

Absorption 

Cone 03: 

Fire shrinkage 

Color 

Absorption 

Cone 1: 

Pire shrinkage 

Color 

Absorption 

Cone 3: 

Fire shrinkage 

Colw 

Absorption 



■^i 



■press brickleta— 
-«e06: 
Fire shrinkage . . . . 

Color„ 

AtMorption 



Cone 1: 
Fire shrinkage . . 

Color 

Absorption 



fast 

good 

some, coarse 



34.9 
moderatelv fast. 



leratelv fi 
gooci 
sandy 



The brick mixture cracked very little in fast drying. The 
clay alone became steel hard at cone 1 but the brick mixture did 
not become steel hard untjl above this cone. It shows a lower 
air shrinkage and bums to a denser body, but showa little differ- 
ence from the other in its fire afarinkage. 
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Uses. At the present time t^ clay is being used by the 
Merrimack Brick Co. for the manufacture of common brick. 
For this purpose it is put through a pair at rolls and then a 
soft-mud machine. The bricka are dried on pallets and bumed 
in score kilns. In order to get a hard brick it ia necessary to 
bum the clay up to cone 3. 

Portage, Ceiumbia Ca The calcareous .estuarinie dlays 
are well developed along the line of the Wisconsin Central 
railroad north of Portage and borings which have been 
made in several localities show that these clays are frequently 
from 40 to 50 feet deep. Only one test of this series of deposits 
was made, however, and that was taken from the point about 5 
miles north of Portage al<mg the line of Wisconsin Cen- 
tral railroad. This (Lab. No. 1121} ia a porous clay of 
light brown color containing .33 soluble salts. It slaked moder- 
ately fast and worked up with 19.8 per cent of water to a 
mass of high plasticity and considerable grit. The air shrink- 
age was 4.6 per cent and the average tensile strength 189 pounds 
per square inch with a maximum of 227 pounds per square inch. 
In burning it behaved as follows: 



Wet-mold«d bricUete- 
Cone 


OIG 
Bl. aw. 

25^ 


00 

sLaw. 

23.84 


03 


18.72 


1 
2.7 
cream 
16.46 




Pir« •hripkage 


i3 

deep buff 









Cone 



Fire ahriaka^ 

Color [ buff 

Absorption 81.13 



The clay bums steel hard at cone 1, and its absorption is 
rather low for a calcareous clay. 

The day bums to a very clear color and gives a good brick 
body even at cone 010, while at 05 it gives a fairly good dry- 
press body. It is not being worked at the present time. 

Portage, Columbia Co. Cream-buming clays are worked at 
several points around Portage City, one opening being at San- 
bom's yard one mile south of khe city and the other at H. C. 
Affeldt's about a mile west of the city. At Sanborn's yard 
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(PL VIII, Fig. 2) t^e clay is at least 30 to 40 feet deep and 
rather silty in its character with scattered pebbles of limestone 
and the run of the bank can be used for making brick. The 
section iavolves: 

Sand 3ft 

PerTuginouB clay ^ 1 f t. 

Blue clay 16fL 

At Affeldt's yard the section ahcnre: 

Loam 1ft. 

Bed clay 6 to 12 in. 

Sand clay 8 ft. 

Hardclay 6 ft. 

The sandy clay is said to be best, while the bard clay is d^iaa 
aad broken here and t^ere by joint planes. If taken at once 
from the bank to the mixing machine it breaks tip very slowly^ 
but a few days of exposure would canse it to slake qnite rapidly. 
The properties of the sandy clay and brick mixture at Affeldt's 
yard are aa follows : 



Material 

Lab. No 

Color 

Soluble salts 

Water required . . 

BlakiDK 

Plasticity 

Grit 

Air shrinkage.... 



Wet-molded bricklets— 
Cone 010: 

Fire shrinkage 

Color 

Absorption 



Cone 05: 
Fire ahrinkage . 

Color 

Absorption 

Cone 03: 
Fire ehriaksge . , 

Color , 

Absorption 

Fire shriukaf^ . . 

Cc^lor 

Atuorption 

Cone 3: 
Fire shrinkage . . 

Color 

Absorption 



Sandy clay 

1108 
light brown 




Brick miztim 
1113 
brick 



ksr 
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The first cla^ is very ^tt? and coutaios scattered mica 
scales, but bums to a cream brick of trathar high absorpticKt 
while the mixture, altJiough somewhat sandy and of lower air 
shrinkage bums to a much denser prodnct. In making the 
bricks it is necessary to fire the kiln up to cone 3. 

TJses. The clays at both yards are used for the manufacture 
of common brick. At Affeldt's yard the clay is mixed in a pi^ 
mill and bricks molded by hand. They are dried od the yard 
and bnmed in scove kihis. The low shrinkage is well shown by 
^e fact that in a kiln of 36 courses burned to c<»ie 3 there is 
only 4 inches settle. 

Soricon, Dodge Co. Both red and cream-burning estuarin* 
«lays are worked at this locaUty in the cl^ pit of J. W. Pluck 
about a half mile from Horicon. Whwi fresh the red-burning 
clsy is yellow and the cream-burning clay is blue and althoi^h 
the two are taken from separate pits the former proUabty over- 
lies the latter so that the section would involve: 

Black loam 6 in. 

Rod clay 2)^ fl. 

Blue clay «xact thick oess uokuowii. 

The properties of the blue cream-burning and the red-burn- 
ing brick mixture are given below. 



Material 

Lab. No 

Water reqairecl 

Plaaticity 

Orit 

Air shrinksKe 

Wet-molded brickleta— 
Ooue 010: 
Fire ahrinkBge .... 

Cokir 

Abeorptkin 

Cone 05: 
Fire ahrinkage .... 

Color 

Absorption 

OoDeOS: 

Fir« shrinkage 

Color 

Fire ahrinkase .... 

Color 

AbKni>tion 



Red clay, 

brick mixture 

1058 



dork red brown 
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These two layera eertainly show the strongeBt contrast. The 
former (Lab. No. 1057), ia poroos and sandy when air dried, 
while the mixture givea a good hard body when ur dried. Tba 
former has practically no shrinkage, bums to a porous body and 
is not steel hard until cone 1, while the latter becomes steel 
hard at 05, shows a much higher fire shrinkage and greater 
density, fusing about cone 3, the sudden jump in the fire shrink- 
age at cone 1 beit^ an indieatJon that the fusion point is .ap- 
proaching. 

Uses. At the present time a mixture of the clays and tiie 
sand in equal proportions is nsed for making a common brick. 
The clay is treated in a soak pit, and molded by hand, while the 
drying is done on the yard and the burning in scove kilns. 

Kewaskum, Washington Co. The cream-burning cIkfs have 
been opened on the property of H. F. Buss 1% miles west of 
Eewaskum. The clay is known to underlie at least 15 acres 
and is claimed to have a depth of at least 5 feet. It has a yel< 
lowish-red color and shows 'a varying amount of ssnd, but the 
excavations which have been made at the brick works are quite 
shallow. 

A second deposit of clay located in the northern part of t^e 
village is being worked by William F. Miller, where the prop- 
erty has been tested over an area of three acres and the clay 
showed a similar depth to that at the other yard. The strip- 
ping at both places is very smell and ranges from a foot to 18 
inches. The properties of the two clays are given below. 
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H. P. Buaa. 




I'nt'^tfll .. 






1,160 
brovn 

S2 
alow 

5.5 


cream 
31.19 

si. ew. 
cream 
37.20 

el. 8W. 

el. BV. 
cream 
35.92 

a? 

buff 
22.7* 












Blakmjt ..... 


moderatelr fut 

"if" 




Grit ...:..:;'.'.::':;:■;;■■"::::::;■ 




Wet-molded brickleto- 
Cone 010: 






S?! 




Cone 05: 




Color 


















24.61 


Oonel: 


2 


Color . 


buff 






CoDoR: 




Color 


greenkh buff 









Both of these days are good bufl-baming brick clays but that 
from MjUer'a yard bums to a denser body than that from Buas' 
yard. 

Schleisingerv^e, "Washington Co. A few hundred feet oortbr 
west of the railroad station of the Wisconsin Central B. "R. the 
clay has been opened by P. W. Kortemeyer. The section thei* 
shows : 

Loam 4 ft. 

YeUowclay 6 ft. 

BloecUy 14 ft. 

The yellow clay buma red, while the blue clay bums white^ 
but a mixture of the two in the proportioo of one of t^e former 
to two of ithe latter gives a cream-colored brick, the addition of 
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stind heiag lumecesBtuy. The propfirties of the top loam, blna 
cl^ and the yellow clay are as follows : 





Top loam 

J\ 

littla 
5 


pale rwl 



light red 

19.1C 

1 
14.76 

U 
graj brown 


Bine day. 
1,053 
19.8 

iittS 
1.6 

.7 

pinkbnff 

23^8 

.B 
cream 
2S.98 

1 
cream 
21.00 

10.3 
yellow bnS 


Yellow clay. 






SS.2 




'"JttT^ 


Grit 




GA 


Cone 010; 






a 




CoDe 05: 










S9.M 


OoneOS: 


J 


oX,"..°.^::::::::::::'::: 


buff 






coiOT.. . .T;;;:;;:: 


yellow buff 


Cone »: 












AbsorpUon 






2.01 


Oonol: 






8.6 








'~°^/"- 








Cone 6: 

















A compariBon of the physical properties of these three layers 
is not without interest. Here wa have tiuee days, quite differ- 
ent in appearance and somewhat different in feel, and yet r»> 
aemblin? each other somewhat closely tip to a certain point. 
Thua their air shrinkages are close, and the fire cdirinkagcs rami- 
lar up to cone 03, but above this they separate considerably, the 
more easily fusible blue clay showing a sudden increase in 
dirinkage at cone 1. There is also a marked Increase in density 
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of all (bree at this eoae, bat the top loom bums denser from the 
start 

Uses. These three days are used for the manafactnre of con^ 
mon brick but much trouble is experienced with water in dig- 
ging the material. The brick are made on a soft-miid honi^ 
power machine, dried on the yard, and bomed in a score kUn. 

A second yard is operated at this locality by Mr. Boaenheim 
and the clay here is in all respects similar to that at Kortemeyer's 
yard. 

Port Washington, Ozaukee Co. The lake clays outcrop in 
the high banks along the lake front, and show a variable section 
from point to point, but all the sections agree essratially in ex- 
hibiting thick deposits of laminated siliceous clays which in 
places are overlain by glacial drift. The clays are being- worked 
at two points, the most northerly one being at Gunther Bros.' 
yard, while a short distance farther south they are digging clay 
for the yard of J. Schramke. At Gunther Bros. ' yard which ia 
located on the northeast edge of town along the lake shore the 
section ^ows about 25 feet of laminated interbedded silty and 
plastic clays covered by 6 to 15 feet of glacial drift. In mining 
however it is possible to separate the more plastic beds from the 
run of the bank so that the former can he used for drain tile, 
while the latter is employed for common brick manufacture. 
The characters of the run of the bank (Lab. No. 1143) are u 
follows: Color, brown; soluble salts, .20; water required, 22; 
slacking, slowly; plasticity, high; grit, much, sil^; air shrink- 
age, 7 per cent; average tensile strength 283.2 pounds per 
square inch with a maximum of 334 pounds per square inch. 

In burning the clay behaved as follows: 



Wet-moHed brick- 
lets: 
Cone. 


010 
.6 

Cff 


05 

buff 

19.78 


03 

1 
buff 

17.65 


1 
16 

buff 
11.J6 


3 

7.6 
Sreeo- 




Fiw ihrinkBge .... 


viscous 













The clay does not bum steel hard until cone 3, and alUiough 
quite gritty yields a good buff body. 
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Uses. The nm of the bank is used tar making common brick, 
the cla? being molded in a stiff-mad machine, dried on palleta, 
and burned in score kilns. The tiles are also molded on a stiff' 
mud machine and burned in Duteh kilns. 

At Schramke's yard the clay is similar to tliat of Gtmtfaer's 
but the bank is higher and the over burden of gravel is very 
much thicker. The clay here is molded in a soft-mad maehina 
or in a dry-press machine. If that used for the latter was 
ground finer before being pressed it would give a much better 
product. 

The clays at both banks are highly calcareous and the analyds 
of Gunther's clay is given below: 

ailicm(8i0,) «.50 

Alumina (Al.O.) 9.68 

Pewicoride (Fe.O.) *.ll 

Liine(CBO) 14.62 

MBgii«8ia (UoO) B33 

PatMb(K,0) 2.69 

Soda (Na.O) l.M 

Titanic acid (HO,) 07 

Low on iKDitloD 19.<9 

Total 90JS 

Total fluMH 87.59 

Endeavor, Marquette Co. The calcareous clays worked here 
are like those occurring further south between Endeavor and 
Portage, the testa of which have been described on an earlier 
page. A sample of the run of the bank (Lab. No. 1019) showed 
tiiat the clay worked up with 27 per cent of water to a maas of 
good plasticity and containing some coarse grit, and having an 
air shrinkage of 6.04 per cent. In burning it behaved as fol- 
lows: 



Wet-molded bricklete: 


010 


cream 
26.44 


06 


26.23 


03 
2.8 
butf 
19.93 


1 
9 

buff 
.30 





















The clay bums steel hard at cone 1 and for brick should not 
be burned at a lower temperature than 010, 

Vsrs. The clay has been used for bricks by the students of 
the Academy at Endeavor. If properly burned it would make 
a very good product. 
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Oakfield, Fond du Lac Co. This is one of the two localities 
at which the Cincinnati shale has been utilized, and even 
there the yard is not in operatioii at the present time, although 
the deposit has not given out. At this point the shale has been 
more or less weathered in its upper portion and makes a fair^ 
plastic clay. Here and there in the beds there are harder layers 
of somewhat concretionary character which have not weathered 
and are left as stony lumps within the clay mass. Nevertheleea 
the clay (Lab. No. 1018) as a whole is quite fine grained and 
free from grit When tested physically it was found to con- 
tain .09 of soluble salts, and slaked slowly to a mass of good 
plasticity and no grit. It worked up with 18.7 per cent of 
water to a mass whose air shrinkage was 4.4 per cent and whose 
average tensile strength was 105 pounds per square inch with a 
maximnm of 132 pounds per square inch. In burning it be- 
haved as follows: 



Wftt-moldvd brick- 
leto: 


010 

buff 
30 


06 

Bl. BW. 

deep 
buff 
29.73 


03 

buff 

86.92 


1 

8l.8». 

pink 
buff 
22.15 


brown- 
ish buff 
28.79 




Color 


3.6 


AbaorptioD 


2S.65 



The clay works very well for the manufacture of buff brick 
or even drain tile, but it will not stand rapid drying without 
cracking somewhat. On account of the proximity of this de- 
posit to several large towns, tiiere is no apparent reason why 
the product made from this clay should not find a good market 

Sheboygan, Sheboygan Co. The lake clay outcrops in con- 
siderable abundance at this locality there being several exposures 
along the banks of the Greek, which are all worked for the 
manufacture of common brick, but the sections at the different 
yards vary sUgbtly. In general it consists of a variable but 
usually thin layer of sandy stripping underlying which there is 
usually from 6 to 15 feet of reddish clay representing the weath- 
ered part of the deposit and this in turn rests on blue clay 
which extends down to the limestone below. The clays which in 
general are cream-burning, silty, and have to be burned at from 
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coDe 1 to 3 ID order to prtniuce a product of sufficient hardueaa. 
They have the following properties : 



Hateriaj 

Lab. No 

Color, moist 

BolublsBBlts 

Water required 

SlakiDg 

PlBaticit7 

Grit 

Air Bbrinkaga 

Wet-molded brickleta— 
Cona 010: 
Pire BhTinkage .... 

Color 

AbsorptioD 



Gone OS: 
Fire ahrinkage . . 

Uoloi 

AbBorptioii 



CooeOS: 
Fire ahrlskage . 

Color 

AbsorptioD 



Cooel: 
Fire Bhrinkage . 

AbBorptioii 



Cone 3: 
Fire sfariakage . 

Color 

Absorption.. 



O.ZtmbBlBr<kCo 


F 


Zurheide 


run of bank 




n of bank 


1148 




1150 


brown 




brown 








93 




17.6 


Blow 




slow 


(rood 




high 




some, coarae 




DiBtizedOyGoO<^lc 



TBBIR VBE8 A2tD PSOPBRTIEB. 



85 



The chemical composition of Zimbal's clay is: 

Silic«(8iO,) 86.« 

Alumina (Al.O.) 6.70 

Ferric oiide (Pe.O.) 3.60 

Ijime(CaO) 30-55 

Magneda (MgO) 8.96 

Ptotaih{K.O) LSI 

Bod«(Nii,0) 1-13 

Titanic acid mo,) I* 

liOM on ignition Sl.SS 

Total 100.63 

Total fluiee 35.54 

The days do not bum steel hard ontil cone 1. 

Uses. The clays at this locality are used almost exdnsiTely 
for the maimfaetnre of common bri^ by three firms namely: 
Frederick Zurheide, 0. Zimbal Brick Co., and the Sheboygan 
Brick & Tile Co. At all three yards the clay is molded by the 
stiff-mud proceas, dried on hacks on the open yard and bnmed 
in BCOTe kilns. A variable qnantily of sand is added to the 
clay in order to prevent excessive »T>riTiTritig and craekiag in dry- 
ing and bumiiig. 

In the top of ZimbaJ'a bank there is a thin layer of red day, 
of easily fusible character which ia referred to under slip clays. 

Plymouth, Sheboygan Co. One mile east of the Chicago & 
Northwestern station a deposit of red and bine cream-bnrning 
clay has been opened up for tiie manufacture of common brick. 
The clay contains scattered pebbles as well as Umonite spots. 
It (Lab. No. 1159) works up with 22 per cent of water to a 
mass of high plasticity containing little fine grit. Its air shrink- 
age is 7.1 per cent In burning it behaved as follows: 



Wet-molded bricklets: 
Cone 


010 

; 28.80 


05 


28.63 


03 

27.58 


1 

1.7 

bun 
25.33 


5 
thorouglily 


Color 











This clay is similar in its general characters to the ran of 
cream-burning brick days. It does not become steel hard imtil 
cone 1 and viscosity begins at cone 3. 

Uses. At the present tjme it is employed dtiefly for common 
brick, being soaked in a pit, and molded on a stifi-mud side-cut 
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machine. The clay ia naturally quite tough and unless thor- 
oughly mixed ia f^t to remain lumpy and thereby injure the 
atrength of the brick. Some tile have been made from it. 

Elkhart, Sheboygan Co. The clays at this locality have beexx 
worked off and on for the manufacture of common brick and 
the section involves an upper red-burning clay and a lower 
cream-burning clay^ both of which contain more or less pebbles 
scattered through them. The two clays have never been used 
separately but the run of the bank has been employed, the result 
being the production of a streaked brick. 

Neenah-Menasha, Winnebago Co. The clay deposits in this 
vicinity have been opened up at W. H, Carter's Brick Yard in 
whose clay bank the section is: 

Saody yellow, atrntified clay i 4 ft. 

Chocolate red clay 8 ft. 

Blue clay I doptb nakaown. 

The physical properties of the run of the bank (Lab. No. 
1045) were soluble salts, .18; water required, 28.6; slaking, 
moderately fast; plasticity, high; grit, little; air shrinkage, 7.7 
per cent; average tensile strength 202 pounds per square indi 
with a maximum of 246 pounds per square inch. In burning; It 
behaved as follows : 



Wet-molded bricklets: 
Cone. 


010 

.« 

cream 

22.77 


05 

1.7 
cream 
21.17 


03 

1.7 
cream 
S0,09 


1 

9.7 

buff 

.06 


2 






Color 









The clay bums steel hard at 05. 



Dry-prees bricklets: 

Cone 

Fire shrinkage 

Color 

Absorption 



This clay bums steel hard at a lower temperature thaa most 
of the cream-buming claya and gives a good brick even at cone 
010. Up to the point of vitrification the shrinkage is very low 
and then increases suddenly. 
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XJses. The ola^ is employed for the maDofacture of common 
brick whicli are molded oo a stiff-mud machina For their man- 
ufacture the section of the deposit is worked down to the top of 
the blue clay, the top and the middle beds beiog used in the pro- 
portion of 1 to 2. 

Stockbridge, Calumet Co. Here again the Cincinnati shale 
is worked. The clay outcrops as a bank some 60 feet high cm 
the east side of Lake Winneba^, showing a section of: 



On exposure to the weather the shale slakes down quite rapid- 
ly, but the properties of the upper yellow elay and the under- 
lying shale are somewhat different, the former having a higher 
air ^irinkage, but burning to a denser body, and being some- 
what more fusible. 



Haterittl 

Water required 

Slakiog 

FtaaticitT 

Grit 

Air shrinkage 

Wet-molded bricklete- 
Coae 010; 
Fire shrinkage ... 

Color 

Abeorption 

Cone OS: 
Fire ehrinkage . . . 

Color 

Absorption 

Cone 03: 
Fire shrinkage . . . 

Color 

Absorption 

Conel: 
Fire shrinkage . , . 

Color 

Abeorption 

Fire Bhrinkag« . . . 



high 
very fine 



The clay bums steel hard at 



alow 
not much 



pink buff 
21.80 


grajbuff 
20.19 


si. sw. 

brownieb buff 

S1.T4 


^l^n 


al. sw. 

brownish buff 

18.11 


al. sw. 


8l. sw. 
14.76 


b1. aw. 


visoDUs 
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Of tlie two elays the shale is naturally the harder, and gives 
a more granular brick than the top clay. 

Uses. The materials are at present used for the manufacture 
of common brick and the mixture of 1-3 of the top day and 
2-3 erf the ahale are taken the latter being allowed to weathar 
somewhat before it is molded. The clay is prepared in a dry 
pan and molded on a soft-mud machine. Burning is done in 
Bcove kilns. Some tile are also manufactured and these are 
burned in a down-draft kiln. The clay would probably woit 
for dry-press brick but none have been made for scone time. It 
is noticed in burning that the clay becomes viscous before shrink- 
ing to any extent in the fire. There is no limestone overlying 
the shale at the bank, but a few hundred feet back from the blnff 
it outcrops prominently. 

Eastwin, Manitowoc Co. The lake clays are dug at a. small 
yard operated by P. Schaf about three miles from Two Bivers 
and the clay is much like that at Bertie's yard at Manitowoc 
being red above and blue below. The section involves 

Sand 1 toift 

Clay 8 ft. 

Sand 7 ft. 

Clay eO ft. 

The run of the bank is used and no care is taken to exclude 
the lime pebbles from it. The bricks bum to a cream color and 
settle 3 inches in 40 courses in scove kilns. 

Manitowoc, Manitowoc Co. The lake clays are extensively 
worked around the city of Manitowoc but the best exposure of 
them is in the bank of the Manitowoc Clay Product Company, 
the section of which shows : 

I<oam and sdl with sandstone pebbles 2 ft. 

R«dolay ftft. 

Blue clay with eaniiy streaks 8 ft. 

Fat blue clny depth unknown. 

Scattered tiirough the deposit there are a few limesbme 
boulders showing glacial scratches. This bank is worked over 
by falling but at other banks the day is worked by comply dig- 
ging or excavating with a plow. 

The following tests will serve to illustrate very well the char- 
acter of the clay in this vicinity. 
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Firm 

Mnt-rin) 


Uanitowoc Oay 
Prod. Co. 

brown 


Mftnitowoc GIbt 
Prod. Co. 
bottom clay 
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high 

some, nne 

7.2 


high 






6.3 












Wet-molded bricklets- 
Cone 010: 


.7 

pink buff 

22.11 

1.3 

whitfBh 

SS.41 

1.3 
22.27 






pink butr 




Cone 05: 




Color 




Cone 03: 


22.56 










Cooel: 




cXz"."^.:::::::::;;;:::; 












Cone 3: 
Fire Bhriokage 


6.3 

gneo buff 

12.66 




Color... 













1153 is steel bard at cone 3, and 1155 at cone 1. 
Chemical analj/tU. 

Lab. No 1153 

Silica (SiO.) 41.70 

Alumina {Al.O.) 11.29 

Ferric oxide (Fe.O,) 2,77 

Lime(CaO) 15.40 

MagneBia (MgO) 3.32 

PotBah(K,0) 3.06 

Boda(Na,0) 1.27 

Titanic acid (TiO,) .38 

Loss on ignition 18.84 

Total 89.02 

Total fluxea 26.81 



1166 
41.53 
10.0S 

6.00 
14.33 
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These tests show the bank to be of rather uniform character in 
both its physical and chemical properties, bat neither layer 
oould be used for making paving briok. Althougb the clays do 
not bum steel hard at a very low cone, still an excellent grade 
of brick is made by burning at cone 08-05. 

Uses. The clays around Manitowoc are employed chiefly for 
the manufacture of common brick. At the smaller yards t^ 
method of manufacture is quite simple, involving soft-mud 
pressing, drying on pallets and burning In scove kilns. 

At the larger plant the clays are passed through roUa and 
pug mills, molded on a soft-mud machine^ dried in tunnels and 
burned in scove kilns. The temperature reached in burning is 
eone 08. 

The following analysis of the blue clay at the yard of the 
Manitowoc Clay Prod. Co., was made by E. G, Smith of Beloit, 

SilicB(SiO,) .■ 39.04 

Alumina (AI.O.) 13.60 

Ferric oiide (Pe,0,) 3.44 

lame (CaO) 14.81 

Maicnesia (MgO) 7.33 

Potash (K,0) 2.55 

Boda(Na,0) 1.08 

CarboDic acid (CO, ) 13. 31 

Water (H.O) 5.56 

Total 100.78 

Total 29.31 

This in general is not unlike the analysis made of the blue clay 
fwan a sample collected by the writer. 

MUladore, Wood Co. A deposit of calcareous clay occnrs at 
Milladore on the north side of the Wisconmn Central Railroad 
and on the property belonging to Mr. Weils. It is covered 
by from 4 to 6 feet of surface clay under wliich comes the 
calcareous clay whose depth is in places at least 33 feet The 
occurrence of this is rather peculiar as it lies in t^e residual 
area and there are no other calcareous clays near it, the land 
having been examined from Milladore westward to Marshfleld, 
and also in the other directions for some distance. The physical 
properties of this clay (Lab. No. 1119) determined from a sam- 
ple collected by Mr. F. H. Merrell of Portage were : soluble 
salts, .44; water required, 22; slaking, slow; plasticity, high; 
grit, some, ooarse; air shrinkage, 5.2 per cent; average tensile 
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strength, 245 pounds per square incli with a mazimum of * 
pounds per square inclL 

In burning it behaved as follows: 



Wetmolded brickleta; 

Cone 


010 
.3 

18. ei 


05 
.7 

18.31 


03 

1 

U,76 


1 

7.6 
huff 
2.44 








Color.. ...Tr.:::.:.'::.::: 













The clay boms steel hard at cone 1. 

DiT-press brickleta: 

Cone 05 

Kire ahrinkase 66 

Color light bufl 

AbBOrption 23.60 

The partial chemical analysis as given by A. S. Mitchell of 
MlwaiUcee was 



Ferric oxide (Fe,0, ) 3.82 

LimeiCaOi 12.77 

MagDeaiaddgOl 3.22 

Loss on ignition 12.18 

Total i(7.50 

The clay givea a good hard brick even at cone 010. Some of 
the lime is in lumps and unless ground up would cause trouble 
by splitting, even at a low cone. The clay bums to a very fair 
dry-press brick body even at cone 05. 

New London, Waupaca Co. The estiiarine clays underlie the 
flats around this town and have been opened up at the yard of 
Zerrener Bros. (Plate X, Pig. 1) where they show the follow- 
ing section; 

Bed-bnraiDff da; 2 ft. 

White-burning clay 6 ft. 

Clay 2 ft. 

Very plastic pink bnS clay 2 ft. 

Very plastic pink clay * ft. 

Black Band 

The clays are exposed in a pit about 10 feet deep and 75 feet 
long, and show the usual laminated structure characteristic of 
the estuarine deposits. 
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The phygieal properties of the red and cream-hnrning days 
ore given below. 





It«d-burning cl&}> 

l.liO 
brown 

.81 
19.8 

fast 

2SS 
251 

.7 

pink bnff 

17.90 


18 96 

1 

brown bnO 

16.38 

via. begun 


















19.8 


SlakinB 






high 


Grit 






Arerane tensile atreDgth 


»7 


Wet-molded brioklete- 
Cone 010: 




Color 


pink buff 




aea 


Cone 05: 








Cone 03: 


.7 


cXr .". .T.;;::::::::::;::: 


'SsS"" 


Absorption 


ConelL 


B.3 




^.,i.S 






Cone 3: 






Color 




greenish 


Cone 5: 






03 









There is not much difference in the fire shrinkage of the two 
days, but the red-bimiing one on accoant of Ite lower percent- 
age of lime, shows a lower absorption. It is howev^ more fu^ 
ible. 

Uses. The clays are iised at the present time for the manu- 
facture of conunon brick, both red and cream brick being made. 
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The molding is done in a soft-mud machine, drying on pallets, 
and baming in scove kilns. It is probable that this clay would 
wortc dry-presa althongh attempts in this diTection have not been 



A similar cl^ ia worked 'at August Frahl's, 2 miles east of 
New London. 

Kaukauna, Outagamie Co. The clay outcrops here in a bank 
about 30 feet high and consists of strongly laminated layers of 
red and brown clay but no underlying layer of sand is exposed 
now as there was at the tame Dr. Buckley visited it, although 
under the bank at one place there was sandy blue clay. At the 
north end of the bank the clay is underlain by a very heavy bed 
of sand which in turn rests on a bed of light gravel There is 
sud to be a difference in shrinkage between the tough light red 
layer and the dark brown layer of the clay. The difference be- 
tween the run of the bank and the green brick mixture is well 
shown in the following tests. 



Hat«tlftl 

Lab. No 

Water required 

SlakioR 

Plasticity 

Air shrinlEaga 

Wet-moldod briokieta: 
Cone 010: 
Fire ^irinlcage. . . . 

Color 

Abaorptlon 

Cone 05: 
Fire shriokage ... 

Color 

Absorption 

Cone 03; 
Fire 8hnDkag« . . . 

Color 

AbaorptioD 

Couel: 
Fire shrinkage ... 

Color 

Absorption 

ConeS: 
Fire shrinkage . . . 

Color 

Absorption 



Brick mixture 




1074 


ll.<» 


17.6 


S9.7 




slowly 







SS!l6 


pink buff 
17.90 


.3 

pink bnff 

20.95 


.6 
light pink buff 


iight'buff 
23.96 


4.6 

brownish buff 

7.41 










12.57 




5 








5 
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CotioS: 

Fire shrinkage 

Color 

Absorption 

Cone 6: • 

Fire shrinkaRtt 

Bum eteel tutrd at eone . 



dMp greenish bull . 



thoroughly Tiacotw 



The clfty itself is fine-grained, and laminated but boms to a 
fwrly hard body even at cone 010 and would probably work for 
the manufacture of drain tile. The brick mixture owing to tiis 
addition of sand ia very gritty and while it bums to a good 
hard bricklet has a much higher porosity. The sudden in- 
crease in fire shrinkage at cone 2 is quite noticeable. 

Uses. Clay is worked at the yard of Lindauer & Rhodes 
for the manufacture of common brick. It is molded in a aorft- 
mud machine, dried on pallet racks, covered by canvas, and 
burned in score kilns. Many of the brick afaow occasional lime- 
pebbles and limonite spots as well as cracks. 

Qreen Bay, Brown Co. The condition of the industry around 
this city may be sununarized in the following list of manufact* 
arers, their location and product 

Christian Hansen, 2^^ miles north east of Green Bay. Prod- 
uct, hand-molded common brick. 

Boffers & Albers, south of Green Bay. Common soft-mud 
brick and drain tile, the former both red and cream ccAor. 

Barkhausen Brick Co., just south of town. Product both red 
and cream-colored brick either common or' dry-press. 

John Hockers, south of Green Bay on the east side of the 
river. Softmud common brick, the top clay burning red and 
the bottom clay white. 

John van Laanen. Common soft-mud brick, red with white 
spots, the latter due to cream-burning clay in the mixture. 

Duckcreek Brick Co., at Duck Creek near Green Bay, soft 
mud common brick both red and cream color. 

Green Bay Brick Co., at Duck Creek near Green Bay, commoa 
soft-mud brick both red and cream color. 
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Chemical analyaet. 

L^.No. 10*6 lOM 

Silica tSlO.) 43.58 U.M 

Alumina (Al^,) 1L99 12.71 

Ferric oxide (Pe.O.) 4.63 5.40 

limefCaO) 13.04 1S.06 

]faSDMia(Hg01 4,30 4.91 

PotMh, (K-O). ai7 3.08 

8od» (N»,0) 3.13 l.as 

Titanic acid (TiO.) M 

Imbbod ignition 16.74 1SJ4 

Total 100.46 100.2* 

Total flmea 28.17 2a68 

Physical Pbokertibs op 1046, 1084, 1175, 1089, 1106, 1066, 1067. 

1046. A buff-buming cl^ wbich gives a good brick even at 
ctme 010, althougli it should preferably be faomed at 05. It 
becomes viscous slightly above cone 1. 

1084. This is a cream burning clay which beccfmes viBCOUfl 
very little below cone 1 and will also woi^ dry preas. 

1175. When wet-molded this bums all right up to cone 010 
but above that tends to swell due probably to the presence of 
organic matter. 

1089. For good results this day should not be burned under 
05. It baa a low fire Bhrinkage up to cone 1 at which cone it 
becomes very much darker and the finer porticKis of the clay 
show signs of viscosity. 

1106 is a very porous gritty clay which gives a good common 
briek body. 

1066. Thia is a rather tough clay which has to be thoroughly 
pugged, bums to a good red color, but ahows signs of fusion at 
a rather low cone,. namely cone 1. 

1067. This is a gritty greenisb-bufF clay which bums to 
baff at lower cones and then bums to greenish buff, thia chuige 
taking place suddenly between 03 and 1. 

The details of the physical tests are given below. 
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Algoma, Kewaunee Co. Brick days have been dug at the 
yard of F. Storm near this town. The 8eeti<m of the bank 
shows: 

Yeliowred clay * It, 

TouRh red clay i It. 

LiKht yellow clay 18 in. 

Blue clay 8 ft. 

For making brie^ a mixture of 1-2 of the red top clay with 
1-2 of the white-buming or blue clay is taken. Thia clay ia 
not laminated in its character but very tough and ccmtaioa oc- 
camonal pebbles. The bricks are made in a soft-mad machine 
and burned in scove kilns. They bum to a cream color. No 
tests were made of it. 

Kewaunee, Kewaunee Co. There are several yards at this 
locality, whose clay banks show similar characteristics. The 
clays are all rather tbioly laminated and overlain usually by 
very little glacial drift or sand. There is ctHimionly a yellow 
top clay with an average depth of five feet which is red-burning, 
but quite fuU o£ pebbles, while underlying it is usually a bot- 
tom blue clay that is used to a depth of 5 to 8 feet, but whose 
observed maximum thickness as determined by a weU boring is 
■aid to be at least 40 feet t^ok. This blue clay is said to rest 
on a bed of gravel. Two samples were tested from this locality, 
one from Boi^man's yard (Lab. No. 1068) and the other from 
the yard of Kierweg & Heck (Lab. No. 1078). Their physical 
properties were as follows : 



Lab. No 

Solnbl* salts 

Wftter required 

Slaking 

PiMticity 

Grit 

Air Bhriokagv 

Average tensile strength... . 
Uaximum tensile strengtli.. 

Wet-molded brickleta— 
Cone 010: 

Fire shrinkage 

Color 

Absorption 



fast 

excellent 

some, coarse 
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Cone 05: 



cream 
22.58 



2.1 
buff 
17.61 

buff 
laM 

B 

greenUh buff 

8.30 

nearly tibcoiu 




Colof 


creem 


Cone 03; 




Color.. 








Conel: 












Cone 2: 












UoneS: 




cSL.' ..T;:::;:::;:::::;:::::: 








Cone 5: 
Fireahrinkago 













1068. This clay bums to a good cream body of somewbat 
lower absorption than most of the calcareous clays used. 

1078. This absorbs more water, has a higher air shrinkage,' 
as well as fire shrinkage. It also shows a higher absorption when 
burned. 

Both of these clays are used for the manufacture of oonunon 
soft-mud brick. 

Shawatw, Shawano Co. The clays at this locality have been 
worited by Charles Larsen for some time. The deposits underlie 
about 20 acres and the total d^th of the clay, which is this^ 
laminated throughout is not exactly known. 

The section of the pit can be differentiated into an upper red 
clay and a lo>wer blue clay, and the bricks are made frtnn a mix- 
ture of the two, including top sandy clay. The properties of 
tiie two clays and the brick mixture are given below. 
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L&boratory No 

Wat"r required 

Slakhc 

PiMtioity. 

Grit 

Air Bhrinkage^ 

Average teoaile sttength . . . 
Maximum tensile strength. . 

Wet-molded brickleta— 
Cone 010: 
Fire Bhrinkage 



Cone 06: 
Fire shrinkage.. 

Color 

Abeorption 

Cone 03: 
Fire tbrinkikge.. 

Color..: 

Absorption 



Conel: 
Fire shriDkage . . 

Color 

Absorption 

Cone 3: 
Ptre abrinkage.. 

Color 

Absorption 



Bteel hard at cone . 



B rick mi z- 

1,164 
18.7 
fast 
high 
much, fine 
5 
300.3 



si. sw. 
80.76 



6.66 

gray buff 

16.70 



Upper red 
1.1^ 

hiSb 
little 



■1. BW. 

25.2S 



These tests show in an interesting -way, the manner in which 
a mixture produces desirable results ^ving reduced water ab- 
sorption and air Bhrinkage as well as greater density in the prod- 
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The chemical composition of the brick mixture is : ■ 

SilicafSiO,) 69.66 

AlumlDa (Al.O,) IftlB 

Ferric oxide [Pa.O,). i£B 

lime(CBO). 8J8 

UacQMla (HgO). 2.64 

A^>ta«h rK,0)_ 8^ 

Boda(Na,0) .80 

Titanic acid ITiO,) .07 

LoM on ignition ll.H 

Total 99.9* 

Total flaXM 18.98 

Uses. The clay is used for the manufacture of saft-mnd 
common brick. 

Surings, Oconto Co. There are two yards here, one operated 
by S. Nelson, and the other by G. Heiae. The clays which are 
both red and cream-burning are known to have a thickness of 
at least 20 feet. 

At Heise's yard there is a foot and a half of red-bum- 
ing clay on the top of the bank while the rest is cream-burning, 
and the beds are sometimes separated for use, while at Nelson's 
yard there is an upper red-burning and lower cream-burning 
bed. The properties of the clays are given below. 



Air shrinkage 

Average tensile strength 
Maximum tensile strength. 



Wet-molded brici' lets- 
Cone 010: 

Fire shrinkage 

Color 

Abaofption 

Cone 06: 

Fire shrinkage 

Color 

Absorption 



Heisa's yd. 
white- 
burning 
1069 
87 JS 
mod.faat 

good 

Bome, 


Heise's yd. 
red- 
burning 
1075 
Sl,8 

""high"' 
none 


Neis'n'syd. 

cream- 

26.8 

fast 

high 

some, floe 


coarse 
6.2 


6.4 


8.2 


ai 


.0 

It red br'n 

16.82 


.4 

light brown 

M.14 


1.3 

cream pink 

18.18 


.6 

light rod 

14.66 


L7 

pink cream 

21.86 



Nels'n'Byd. 

so called 

fireclay 

1181 
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Cone 03: 
Fin shrinkage.... 

CoIot 

Absorptioii 

FireBhriDklVe.... 

Color 

Abflorption 

Steel hard at cone .. 



1069. This U a buff-burning brick clay which bums to a bufiE 
brovm rather than a light cream as most of the calcareous el^B 
do. It gives a fairly hard thoagh porous body even at cone 010. 

1075. This clay bums to a good color and will probably make 
a good dry-presa body. It gives a fairly good body when 
molded soft-mud at 010 but should be burned preferably at 05. 
At cone 1 it ia past vitrification. 

1076, a porous clay of irregular structure and very little grit 
and probably would not stand more than cone 2. 

ForestvUle, Door Co. One clay pit has been opened up by the 
Door County Mfg. Co. The upper part of the bank consists of 
laminated day and sand showing a tltickness of 8 feet and this 
is underlain by blue clay which extends to a depth of 40 feet. 
It is supposed that the blue clay is underlain by gravel The 
physical properties of the brick mixture (Lab. No. 1071), are 
water required, 22 per cent; slaking, slowly; plasticity, high; 
grit, some very fine ; air shrinkage, 5.5. 

In burning it behaved as follows: 



Wet molded brickleta: 


010. 



pink buff 

20.25 

1.6 


05 

el. sw. 

deep huff 

17.87 








Color. 




Absorption 












Steel hard at cone 1. 

Uses. The clay at the present time is employed for the manu- 
facture of common brick, a mixture of 1-3 of the upper clay and 
2-3 of the lower clay being used. The clay is prepared in a 
pug mill and Potts crusher, and then put throi^h a stiff-mud 
ude-eut machine. Drying is done under sheds and burning in 
Bcove kilns. 



DiBtizedOyGoO<^lc 



TBEIR V8E8 AKD PROPBRTIBS. 



103 



Antigo, Limglade Co. There are three yards here operated 
by the Antigo Clay Co., Mr Myers, and Ed. Grabowskie, respec- 
tively. 

The clay depoeit here is probably of glacial type, being rather 
shallow in its character, and eontaining more or le» pebbles 
which have to be removed by screena One sample was tested 
from the yard of Mr. Grabowskie (Lab. No. 1101), and showed 
the following eharaeters: water required, 19.8 per cent; slaking, 
moderately fast; plasticity, fair; grit^ coarse; air shrinkage, 3.8 
per cent. 

In burning it behaved as follows : 



Wet-molded brick leta; 

Cone 

Fire ahrinltage.. 

Color ■ 



AbsorptioD . 



brownish 

yellow 
10.15 



light 

yellow 
16.72 



13.91 



i.B 



.13 



Superior, Douglas Co. Buff-burning clays outcrop at a num- 
ber of points west and southwest of Superior, and are well ex- 
posed along the Nemadje lUver. One of these deposits was 
sampled from an outcrop two miles north of Dedham the latter 
town lying ten miles southwest of Superior. The properties of 
this (Lab. No. 1097) were as follows; soluble salts, .68; water 
required, 28.6; slaking, moderately fast; plasticity, good; grit, 
some coarse; air shrinkage, 4 per cent; average tensile strength, 
159.9 pounds per square inch with a maximum of 184 pounds 
per square inch. 

In burning it behaved as follows: 



Wet molded brick lets: 

Cone 

Fire ahriokage 

Color 

AbsorptioD 



010 


W 






si. HW. 





.4 













33.56 


33 68 


33.78 


28 



~ Steel hard at cone 1. 

Drr-prees brick leta: 

Cone 

Fire ahrinkage 

Color 

Absorption 
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This is a good common-brick clay and there seems to be no 
reason why material of this ^pe dionld not be utilized to sap- 
ply the city of Superior and neighlMring towns with building 
brick of the Idad of which is now being sent in fiwa Minnesota. 
The chemical composition of thia clay is as follows : 

Silica (SiO.) 44.36 

Ainmina (Al.O.l 9.76 

Ferric ozid« (VegO,) 3.31 

Lime(CaO} 14.48 

UosneBU (HeO) 6.40 

Potash (K.O) 1.13 

Soda(Na.O) 1.84 

Titanic acid (TiO.l 04 

Low on igniUon 18.69 

Total 98.64 

Total fluiM 26.6» 

Discussion of chemical analyses. In the following table there 
are given the complete analyses of 15 clays, and a partial ani^- 
sis of one other. These are interesting as showing the rather 
wide range in composition to be found among them. As might 
be expected they are nearty all rather low in ^ca and alumina 
as compared witii the red-burning clays, and usually high in 
lime, although here they show much variation as can be seen l^ 
inspection of the percentages in the last three lines of the table. 
It is evident that the magnesia exercises a similar effect to the 
lime in its coloring action, for in some as 1051, and 1164 the 
excess of lime over iron does not appear to be sufficient to coun- 
teract its red color. The high percentage of alkalies in many 
no doubt assists in lowering their fusion point. Some„ as Nos. 
1080, and 1164 show a rather low magnesia percentage and could 
no doubt be used in portland cement manufacture. 
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Discussion of physical properties. A sufficient number of 
physical tests were made to give an excellent idea of the char- 
acter of the creaiQ-buming non-refractory clays occurring in 
Wiaconsin. The results of these tests have been tabulated in 
the table at the end of the report and an inspection of them 
shows the following. 

The majority of those whose slaking qualities were tested 
slake fast. 

Nearly all of the claj% examined show at least good plaatici^ 
and some show a high plasticity. 

The percentage of water required for mixing ranged from 
15.4 per cent to 31.9 per cent, with an average of 21.5 per cent 
figured on 66 samples. Twenty-six of these took under 20 per 
cent, and twenty-three others required under 25 per cent, so that 
the amount of water required for mixing is not excessive. 

The air-shrinkage showed great variation, ranging from 1.6 
per cent to 10.9 per cent with an average of 5.8 per cent. In 
the majority of samples it ranged from 5 to 7 per cent. The 
use of a mixture of clays, sometimes lowered the air shrinkage. 
(See Watertown, 1063, and 1111, Merrimac, 1162, 1171.) In 
other cases the air shrinkage was no lower in the brick mixture 
than in the individual clays, but in such instances advantages 
were gained in the density of the brick in burning. 

The average tensile strength of 27 samples tested ranged from 
64 lbs. per square inch to 230.2 Iba per square inch. Twenty- 
one of the clays examined showed a tensile strength of over 200 
lbs. per square inch, while five others exceeded 150 lbs. per 
square inch. The tensile strength does not appear to prevent 
cracking due to rapid drying as some of the clays with a high 
strength had to be dried slowly. However it should be remem- 
bered that the clay is still comparatively soft when some of this 
air cracking occurs, and its tensile strength at that time is not 
as high as when thoroughly air-dried. 

It is in the fire tests however that the greatest variation is to 
be seen. 

All samples were burned at Cones 010, 05, 03, 1^ and at 2, 3, 
and 5 if they were not too fusible. 

At cone 010, the shrinkage was uniformly low, and in some 
cases there was even a slight swelling; ihe color was commonly 
cream or pink, and the absorption usually high. 
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At cone 05, the shrinkage was still low, and Bometitnes even 
a minus quantity. The color waa usually buff or cream, and 
the absorption in most cases still htg^h. Five clays burned steel 
hard at this cone. 
At cone 03 a few of the days still showed slight swelling, but 
the fire shrinkage of the majority had increased somewhat, and 
10 additional ones had reached steel hardness. 

At eone 1, some of the clays showed a great increase in shrink- 
age because it was approaching its point of viscosity, and the 
absorption of the others burned at this cone was in many in- 
stances quite low. Several even became viscous at cone 1. 

All of the samples were not burned above this cone, only the 
more important ones being fired higher, and it is seen from 
these that not a few do not reach a condition of viscosity until 
heated up to cone 5. 

Some of the burning tests are tabulated below. 





010 



1.7 
16.15 
4S.&8 


05 



2.6 
15.72 
3<.20 

3 


03 



i.6 

7*1 
36 90 

9 




UiD. firaabr.. 












Max. absorption 

Number burniog steel hard-.. 


35.82 
15 



Summary of properties of cream-burning clays. The cream- 
burning clays agree more or less closely in their color-bnnung 
qualities, some burning to a lighter cream and others to a darker 
cream. They all show a low shrinkage until burned nearly to 
their point at vitrification, when the shrinkage suddenly in- 
creases from 1 per cent or leas up to 7 or even 12 per cent, and 
from this point they change rapidly to a viscous condition. This 
rapid softening of the clay is one thing which would interfere 
with the use of these clays for the manufacture of vitrified brick. 
All the clays of this group bum to a rather porous body, due 
partly to the fact that they contain a high percentage of lime 
carbonate which in burning loses its carbon dioxide leaving the 
brick quite porous up to the vitrifying point. Most of them 
bum to a very good brick. 

Here, however, the similarity between the clays of this class 
ends. They show considerable variation in the temperature at 
which they become steel hard, some reaching this condition at 
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as low a cone as 05, while others do not attain this degree of 
hardness until cone 1 or even 3. A similar variation is shown in 
their melting points. Among the most eaalj fnsible were some 
from Green Bay, Burlington and Granville, which shoved 
signs of viscosi^ at cone 1, while others like those from Milwau- 
kee, Whitewater, Kewaunee, Madison, etc., became viscous at 
cone 5 or higher. The reason for this difference in their fusion 
points is to be found on comparing their composition, the more 
easily furable ones containing a higher percentage of fluxing im- 
purities. In the case of those clays having the higher fusion 
point, it is necessary to bum the bricks to a correspondingly 
higher temperature in order to obtain a sufficiently hard prod- 
uct. The effect of this difference is seen in the amount of fuel 
required for burning the bricka 

Cones distributed among the manufacturers show that the 
temperature at which the cream bricks were burned ranged from 
cone 05 to cone 3, the melting point of tiie latter cone being 
reached in the Milwaukee kilns, and the former at Burlington. 

An interesting feature in this connection is that even in the 
same bank the clay in different layers may show a difference in 
fusibility. At Burlington the yellow top clay becomes viscous 
at cone 5, while the lower blue clay reaches the same condition 
at cone 1. This is because the top clay contains less lime and 
other fluxes. 

Uses of the calcareous cream-burning days. The main use of 
these clays is, and probably will continue to be for the manu- 
facture of common brick, but many of them l^id themselves to 
the manufacture of dry-pressed brick, and the tests made on 
them show that they are of very fair strength. In addition the 
smoother ones work also for the manufacture of drain tile. 
There is no hope of their being used for paving brick manufac- 
ture. On account of their high plasticity it is possible to utilize 
them in common earthenware manufacture. They could also 
be utilized to some extent for making art pottery. Experi- 
ments made on the more plastic ones show that they can be 
either turned on a wheel or cast, and covered with a majolica 
glaze. 

A few as mentioned under slip clays melt to a fair glaze^ and 
there are strong possibilities that careful search may demon- 
strate the occurence of slips at other localities within the state. 
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II, Bed and bbown-burnino ciJiTS, These, while not aa 
widely distributed, represent probably fully as important a 
group of Wisccmsin clays as the cream-burning ones. Houghly 
speaking, we may say that their distribution covers the western, 
central and much of the northern portion of the state, but the 
deposits are not always as thick or as extensive as those of the 
cream-burning clays. To the east and northeast they overlap 
the area of cream-burning claj^ and even occur at times within 
the area of the latter. In such cases they commonly represent 
the upper or leached beds of the-cream-buming deposits. 

1. The Kesiduai. Clays. These represent a clay resource 
not yet thoroughly investigated or developed, although the de- 
posits underlie a large area as sho^vn in Plate II, but are 
worked only at Stevens Point, Grand Rapids, Ringle, and Hal- 
cyon. At all of these localities except the last mentioned it is 
the more gritty phases that are used, but not the most gritty 
ones found in this area, for we find that the days range from 
very sandy ones having many coarse angular sand grains to 
others which are quite fine and free from grit. Now while the 
gritty phases may bum t» a good red color, and they often do, 
it is impossible to make them bum to a good dense vitrified 
body, no matter how hard they are fired, because there are not 
enough fine clayey particles in the materii^ to thorotighly fill 
up the spaces between the sand grains. This statement is not 
to be taken as meaning that these gritty clays are fire clays, for 
they are by no means such, since many of them fuse at cone 1. 
There are, however^ clays in the residual area which do bnm to 
a pretty dense body and which appear to be worth experiment- 
ing with for the numnfactore of paving brick. 

As an example of the extremes in variation that are found 
we may take three clays, two of them from Stevens Point, and 
the third from near Pittsville. Their fire shrinkage and absorp- 
tion at different cones are as follows: 
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Cone. 


Btxvxhb Poidt. 


SnvKMH PorsT 
Brick Yabd. 


PitraviLLK. 


Fire 
ahr. 


Absorp. 
lion. 


Fire 
Bhr. 


Abaorp- 
tion. 


Fire 
shr. 


Absorp- 
tion. 


010 

05 

1 


.1 
■ 1 
3.3 


n.60 
15.6* 


.6 
80 
5.7 


U..-W 
12 60 
4-2S 


2.3 
i.7 
7. 


U3S 
6.S8 
227 



The clay from Pittsville is one of the most dense-burning 
found in the residual area. It also bums to a good color. 

Detailed description of occurrences. Samples of the residual 
clays were collected from about 26 localities, and the detailed 
notes on these occurrences are given below, this b^g followed 
by a summary of the results obtained. 

Lake Ennis, Marquette Co. The diorite which outcrops od 
the Taylor farm, 12 miles nortbeast of l*ortag©, is covered in 
places by a deep red residual clay, a sample of which was taken 
from the hillside near Lake Ennis in Marquette Co. It is a 
very plastic, dense-burning clay, but in most places appears to 
contain too many angular fragments of nndecomposed rocks. A 
physic^ test made of the material (Lab. No. 1178) showed that 
it slaked slowly, and worked up with 22 per cent of water to a 
somewhat gritty mass of good plasticity. The soluble salts in it 
amounted to .42 per cent. The air shrinkage was 4.9 per cent 
and the average tensile strength 118 pounds per square incli 
with a maximum of 134 pounds per square inch. 

In burning it behaved as follows: 



Wet-moldBd brickleta: 


010 

1 
red 

13.63 


06 

1.7 

dark red 

12 22 


03 

2.3 

dark red 

853 


1 

6 
dark 
brown 

2.31 




Fire shrinkage, per cent. . . . 


viscous 


Burns Bt«el hard at cone 03. 

Absorption, per cent 





Dn' -press brick lets: 
Fire shrinkage, per cent . 

AbsorptioD, per cent .... 



1.33 

. light brown 

13.80 
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Halcyon, Jackson Co. The partly decomposed schists which 
are UBed at this locality, outcrop along the books of the Bl&dk 
river. While the material has not weathered completely to a 
clay and still retains its schistose structure, yet on storage un- 
der sheds, it mellows down considerably, owing to the fact that 
most of the feldspathio element in it has decayed. That it is 
sufficiently decayed to yield a mass of good plasticily is shown 
by the physical tests. 

As the pit was filled with water, the stock of clay under the 
drying shed was sampled for testing with the following results. 
The clay (Lab. No. 1035} slakes slowly and worked up with 19.8 
per cent water to a mass of excellent plasticity, but contiuning 
both coarse and fine grit particles. Its air shrinkage was 4.36 
per cent, and the average tensile strength 203 pounds per square 
inch, with a maximum of 230 pounds per square inch. While 
it stands hot air drying, still this cannot be done too rapidly as 
the clay shows a tendency t« develop some ranall cracks. In 
burning it gave the following results: 



Wet molded bricklets: 

Fire shrinkage, per cent. . . 
Color 



AbaorptioD, per cent . , 



010 


03 


03 


1 










brono 


reO 


red 


red 


buff 








15.15 


11.11 


8.77 


5.S6 



dnrk 
3.84 













6 23 














Soda(Na,0) 


















14.77 



Uses. The clay is being used at the present time for the 
manufacture of dry-pressed and stiflE-mud brick. Some hollow 
brick are also being made. It is necessary bi grind the clay 
in dry pans, and t«nper it in pug mills, while the drying is done 
in tunnels, and the burning in either rectangular or circular 
down-draft kilns. The product from the yard of the Halcyon 
Pressed Brick Works yielded good results on testing. 
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Merrilian, Jackson Co. Kesidual cI^b derived from the Pots- 
dam formation, have been found below the snrface &t many 
points around Merrillan, but as pointed out hj Dr. Buckl^ in 
an earlier bulletin, they had not been utilized up to that time, 
nor have they been even up to the present. The clay is usually 
quite plastic, but contains some scattered layers of shaly sand- 
stone, which, hovever, will crush up rather easily. Test pits 
dug at a number of points in this region have shown the pres- 
ence of the clay. One sample (Lab. No. 1041} was taken from 
the Davidson place, on the N. W. ^ of the N. W. %, section 25, 
township 23 N., R. 4 W. The clay ia quite plastic. Another 
sample was collected from a test pit on the Richmond place, 
located on its middle forty and along the line of Richmond's 
fence. This clay (Lab. No. 1042) contained streaks of green- 
ish micaceous clay but was also quit« plastic. The physical 
properties of the two are given below : 



Location 

lAboratory No.. 
Water required 

PlasUcity 

Grit 

Ait ahriakage.. 



daon prop- 


Richmond prop 


erty 


erty 






27.6 


27 Ji 



They behaved as follows in burning : 






1041 

1 

liffhtred 

13.82 

2.7 

light «d 

938 

4.6 
red 
6.35 


1012 


Cone 010: 




Color 


lishtred 






Cone 05: 


.6 






Absorption 

Cone 03: 


1014 






AbBorption 


6.59 
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Conel: 


8 
1^ 

7 

chocolate 

1.31 

viBcoui 




Color 7 








CooeS: 










1.40 











1041. This clay bums steel hard at cone 03, and ^ves an 
excellent hard brick, with low absorption. At cone 1 it is near- 
ly vitrified, and appears to be one of the most promising clays 
tested. 

1042. This clay bums steel hard and nearly vitrified at cone 
1, and appears to be slightly more fusible. 

The chemical composition of the clay 1041 from the David- 
son place is: 

Bilic»(SiO,l 63.81 

Alumnia (Al,0,) 18.00 

Ferric oxide (Fe,0,) 4.68 

Lime (CaO) 18 

Ua^eaiaCHgO) 1.18 

Potash (K,0) 9.11 

Soda (Na.O) 57 

Titanic acid (TlOi) 05 

Lose on ignition 3.61 

Total 100.47 

Total fluxea 15.80 

This analysis shows a curiously high percentage of potash, 
and would indicate s lower fusibility than the clay actually 
shows. 

MUladore, Wood Co., {Lab. No. 1085). Much clay is found 
underlying the surface around this locality, the properties of 
which are shown in part at least by tests made on samples taken 
by Mr. P. H. Merrell, One of these was taken from the western 
end of the Hooper property, this land lying on the south side of 
the Wisconsin Central railroad and immediately west of the vil- 
lage. The sample was taken with an 8 inch auger to a depth of 
12 feet, and represents the average of the entire boring. There 
is 6 feet of surface clay over-burden, similar to that over sam- 
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pie 10S8 described further on. The boring made did not reach 
the bottom of the clay deposit The clay is of brown color when 
moist^ and slakea moderately fast. Wi^ 28.6 per cent of water 
it woricB up to a gritty mass of high plasticity. The soluble 
salts is the clay amounted to .39 per cent and the air shrinkage 
was 8.4 per cent which is rather high, but a large brick made of 
the clay stood rapid drying without cracking. The average 
tensile strength was 186 pounds per square inch with a maxi- 
mum of 251 pounds per square inch. In burning the clay be- 
haved as follows: 



Wet molded brickioto: 


010 
3.1 
red 
833 


05 

66 

dark red 

1.61 


03 

6.4 

dark red 

£.73 





















Dry-press brickie ts — 
CooeOS: 

Fire ihrlnkage 3.33 

Color brown 

AbBorption 13.93 

The clay gives an ezc^ent hard body and is one of the best 
red-burning brick clays seen in the remdual area. The wet- 
molded briiMets burned steel hard at cone 05 and the dry-presa 
bricklets gave a very fair body at this cone. The clay fused 
above cone 2. 

The chemical composition of this material as analyzed by A. S. 
Mitchell of Milwaukee was: 

Smc»(8iO,) 53.18 

Alumina (Al.O.J U.W 

Ferrioo«ide iFa.O,) 14.64 

iame{CRO) 1.09 

MagDeeia (MgO) 2-53 

Loss on igoitioD 8. 07 

Total M.41 

Uses. The clay has not been used up to tiie present time but 
is no doubt excellently adapted to the manufaeture of red brick. 
It is not sufBdently fine grained, however, to be used for drain 
tile or common earthenware. 

The second sample (Lab. No. 1088} tested from the Hooper 
property was made up from a number of samples taken from 
the borings ranging from the surface to the residual clay under- 
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neath the latter being found at a depth varying from 4 to 7 
feet. This sample which v&s light brown in color when moist, 
and slaked alowly^ working up with 1S.7 per cent of water to a 
mass of good pUaticity bat containing moeh coarse grit. Its 
air shrinkage was 7.4 per cent, but the tensU strength was not 
detennined. The wet-molded brioklets in bnniing behaved as 
follows : 



Cone 

Fir« shrinksg*. 

Color 

Abwnption 




This material althongh a coarse grained clay containing a 
nnmber of partially decompoaed mineral grains would serve for 
the manufacture of common brick. If mixed in equal propor- 
tions with sample number 1131 from Pittsville it yields an ex- 
cellent hard body at cone 1. 

A third sample (Lab. No. 1087) taken from the eastern end 
of the Hooper property, and repres^iting the average of several 
8 inch borings 10 feet deep developed the presence of an ad- 
ditionid quantity of good brick clay. This was a dark-brown 
day with .33 per eent of soluble salts, and slaked moderately 
fast It worked up with 26.7 per cent of water to a mass of low 
plasticity and much grit, whose air fihrinkage was 5.1 per cent 
imd the average tensile strength 121 pounds per square inch, 
with a maximum of 166 pounds per square inch. A large brick 
made from the sample stood fast drying without cracking. 

In burning it behaved as follows: 



Wet-molded brickieta: 

Cone 

Fire shrinkaf^ 

Color 

AbaorptloD 



010 


03 


03 


1 


2 


2.7 


6.7 


7.3 


red 


r«d 


dark red 


dark red 


17.77 


13.54 


7.78 


4.48 



Dry -press bricklets— 
CooeKj: 
Pile shrinkage.. 

Color 

AbsorptioD 



3.33 

1 brownish red 

6.7S 
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Uses. The material ia not now worked, but is evidently a 
good red-burning common-brick cl^, and at cone 1 burned to 
a very hard brieklet of rather deep color. Common brick could 
be burned from it at as low a temperature as cone 010 and dry- 
prees bricklets probably at ccme 05. 

The chemical analyas of thi3 sample made by 3. B, New- 
berry was as follows : 

SilicB<SiO,) 61.88 

Alumina (AI.O,) 17.90 

Ferric oxide (Pe.O,) 5.40 

Ldnia (CaO) 60 

Magnesia (MgO) 1.40 

Loason ignitton 5.64 

Total 95.87 

This would indicate it to be a siliceous red-burning clay. 

Grand Rapids, Wood Co. An outcrop of reaidual clay occurs 
at South Centralia just near the bridge of the Wiacoosin Cen- 
tral Railroad spur running out to the pulp miU. Its exact lo- 
cation is S. W. comer section 18, towMhip 22 N., R. 6 E. The 
clay which has been formed by the weathering of diorite of pre- 
Cambrian age shows an average depth of about 8 feet, but the 
lower part cootaina numeroua fragments of partially decom- 
posed rock, the bed rock outcropping along the river about 8 to 
10 feet above the river level. A sample of this clay {Lab. No. 
1001) was collected and put through the physical and chemical 
tests with the following results: Color when moist, deep red; 
soluble salts,. .12; slaking slowly. It mises up with 27.5 per 
cent of water to a mass of fair plasticity and containing some 
coarse grit, whose air shrinkage is 5.3 per cent, and whose aver- 
age tensile strength is 96 pounds per square inch with a maxi- 
mum of 121 pounda per square inch. 

In burning it behaved as follows: 



W.H»o]d.d btloktoto! 


010 

.3 

light red 

brown 

19.62 


05 

2.7 

red brown 

15.40 


OS 

4.3 

red brown 

11.38 
















^ 
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pnm brickteti: 

'ir* shrinkage 5J5 

Color red brown 

Atworptioo 17.XS 

This clay bums to a good briek body even at cone 010 but 
above cone 05 the color of the clay deepens. It shows no 
signs of fusing at cone 1, and did not yield a vitrified body. 

Tile chemical analysis made by Professor Lenher gave: 

SUica (SiO.) 62.33 

Alumina (Al.O.) 17.61 

Ferric oxide (FV.O.) 15.W 

IdmelCaO) 2.26 

If agneaia (MgO) 25 

Potash (K,0( 98 

8oda(Na,0) 23 

Ktanic acid (TiO,) 04 

LossoD ignition 10.38 

Total 99.96 

Total fluiea 19.60 

This analyffls shows a high percentage of ferric oixide which 
19 responsible for the deep red color to which the clay bums. 
The percentage of alkalies for such an impure clay is, how- 
ever, rather low. 

Uses. This clay is not being worited and it is doubtful 
whether it would be valuable for anything better than common 
brick. Its irregular depth is unfortunate, but there is probably 
sufBcient material to supply a small brick yard. 

Sigel Station, Wood Co. (Lab. No. 1002.) A deposit of 
residual clay is being worked at the plant of the Grand Sapids 
Brick Company located 3 miles northwest of Grand Rapids in 
the S. W. 14 of the S. "W. 14 of section 36, township 23 "W., 
range 35 E. The clay bank is a shallow bed lying about 400 
feet northwest of the works, and showing a depth of 6 feet The 
lower clay in the pit is blue and has resulted from the decom- 
position of diorite while the upper clay which is said to be gray 
burning and of low shrinkage is in part at least of glacial origin. 
Between the two clays is a thin layer of tough red clay which 
is also residual in its character. 

The physical properties of the lower clay are aa follows: 
Soluble salts, .38; water required^ 28.6. It slakes fast and 
mixes up to a mass of high plasticity with some coarse grit. 
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The air shrinkage ia somewhat high being 7.5 per cent, and the 
average tensile strength is 227 pounds per square inch with a 
maximiim of 254 pooads per square inch. 
In bnming it behaved as follows: 



Wet-molded bricklets— 


010 
.8 
tight red 
12.62 


06 

1.7 

dark ted 

10.27 


03 

light browD 
605 





















Drr-preeB briokleta- 


1.33 

reddish brown 

U.26 

















The chemical composition of this ela? is ; 



Ferric oxide (Fi 

Lime (CaO) 

Magnesia ( MgO) . . 

Potash (K.O) 

8oda<Na,0) 

Titaoio acid (TiOi) 
Loes oa ignltioD . . 



,0.) , 



This is to be r^arded as a good red-burning common brick 
clay which even at cone 010 is capable of making a brick with a 
good ring to it. At 05 the color deepens to an undesirable de- 
gree. It is too coarse to develop a vitrified body, and is by no 
means refractory as at cone 1 it b^ins to show signs of vis- 
cosity. 

Uses. The day is now being mixed with the top clay and 
used for the mannfaetnre of common brick. It ia molded in a 
soft-mud machine, dried on pallets and burned in Dutch kilna. 
In burning it settles 2 to 4 inches in 42 courses. The product 
showed Qp well on testing. 

Another locality near Grand Rapids at which the residual 
tHays are being worked is at the yard of J. N. Lea^g & Son, 
(Lab. No. 1003) located in the S. W. 14 of tile N. W. 14, section 
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29. towDBhip 23 N., range 6 E. This point is about three miles 
north of Qrand Bapids. The material, as already stated, ia a 
residnal clay which la somewhat similar to that used at the other 
bri^ yfrd but at the time of the writer's visit the exearation 
was 80 full of water that no definite data could be obtained r»- 
garding it. Its properties however as obtained by testing a 
sample of the green brick were aa follows: Color when moist, 
daA red ; water required, 25.3 ; slaking slowly. 

Although the clay contains much coaiw grit it has a high 
plasticity. The air shrinkage of the briekleta tested was 6.65 
per cent and the average tensile strength was 165 pounds per 
square inch with a majdmnm of 190 pounds per square inch. 

In burning it behaved ^ follows : 



Wet-molded briekleta: 


010 



red 

10.S3 


05 
1.7 
red 
10.53 


03 








Color 


d»p™i 







The clay bums steel hard at cone 03, and yields a good hard 
brick but has too much coarse grit to produce a vitrified body. 
At cone 1 it is not far from viscosit?. 

Uses. The clay is worked for c<»iim<m bricks, being molded 
either stiff or soft mud, dried in tunnels and burned in tip-draft 

Pittsv^e, Wood Co. This locality also lies within the residual 
belt, and the residual day deposits underlie a considerable area 
surrounding the town of Pittsville. Scone testing has been done 
on the property of Mr. Nash Mitchell located just southeast of 
Pittsville on the main road to Dexterville. Three holes have 
been dug to the south, one in the middle and one on the western 
side of the track. The first hole at the south edge was dug to a 
depth of 6 feet, the one in the middle to about 5 feet and the one 
to the west for 8 feet. The clay in the tiiree holes varied some- 
what. In the first hole there was an overburden of IS indies 
sand and loam, under this 2^ feet of micaceous sandy el^ with 
angular quartz fragments and below this dark red veir plastic 
clay practically free from stones. In the second hole the cl^ 
encountered is more or less micaceous while in the third hole 
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tiie clay was of a yellowish color. The yellow and red clays are 
thought to nm to at least 6 feet in depth and underlie 35 acres. 

Their physical properties were as follows: The bottom clay 
from hole No. 1 (Lab, No. 1131) was a very plastic material 
which slaked slowly and worked up with 25.3 per cent of -water 
to a mass of high plasticity, containing some coarse grit. Its 
air shrinkage was 7.9 per cent. 

In burning it behaved as follows: 



WBt-molded brickleto: 


010 

2.3 

light rod 

11.32 


06 

4.7 

dark red 

brown 

6. 22 


03 

6.6 

dukred 

brown 

3.53 










dark red 


AbBorpUon 


brown 
2.27 







The clay burned steel hard at cone 05 and becomes viscouH 
at about 3. It bums to an excellent color and hard bo^ and 
would possibly work for the manufacture of vitrified brick. 

Its chemical compositiim is: 

Silica (8iO,) "... 46.3* 

Alumina (AI.O.) 16.20 

Ferric oxide (Pe.O,) 17.75 

Lime (Cap) 8.62 

Magnesia (MgO) 80 

Potash (K,0) 4.83 

Boda(NB,0( 58 

Titanic acid (TiO.) 05 

Loes on ignition 10.51 

Total '. 9».68 

Total fluzee 26.58 

A sample of the yellow clay from hole No. 3 (Lab. No. 1128) 
was next tested and this was found to be a coarse-grained resid- 
ual clay with many small quartz fragments but not much mica. 
It is very porous and even at cone 1 did not give a good hard 
brick notwithstanding its comparatively low absorption. Its 
physical properties were as follows : Water required, 15.4 per 
cent; slaking, fast; plasticity, fair; air shrinkage, 3.7 per cent; 
average tensile strength, 150 pounds per square inch with a 
maximum of 175 pounds per square inch. In burning it be- 
haved as follows: 
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Wet-molded bricklets: 

Cone , 

Fire shrinkage 

Color 



b1. sw. 
yellow 



yellow 
brown 

is.n 



It did not bam steel hard until cone 3. 

D^ -press briclcletB: 

Fire shrinkage 

Color yellow 

Absorption 1S.68 ' 

Uses. The material is not being employed at the present time 
and it ia doubtful -whether it TrouJd work for anything else 
than the manufacture of common brick. 

The third s&mple, (Lab. No. 1129) represents the clay from 
the lower portion of hole No. 2. This is a reddish-brown elay 
which is ratiier co&rse grained and micaceous but bums to an 
excellent color. On account of ita grittiness it took about 16.5 
per cent of water to work it up and slaked slowly to a mass of 
good plasticity. Its air shrinkage was 4.4 per cent and ita 
average tensile strength 180 pounds per square inch with a 
maximum of 202 pounds per sqnare inch. 

In burning it behaved as follows; 



We^^I0lded brickleta: 
Cone 


010 

St. sw 

brown 

12.54 

1 


05 

.3 

yellow 

brown 

11.77 


03 


reddish 
brown 

10 


1 

2 

gray 

brown 

9.50 


3 


Color .T.'";::;:"" 






9^ 
















D^-prees bricklets: 










Color 


















ia38 



The red clay from the upper part of the same section likewise 
burned to a fine red color but is too gritty to vitrify. This clay 
(Lab. No. 1130) required 22 per cent of water, and slaked to a 
mass of high plasticity and containing considerable grit. Its 
air shrinkage was 5.1 per cent. In burning it behaved as fol- 
lows: 
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Wnt-molded brickleta: 

Fire sbrinksKe 

Color 

AbsorptioD 



010 


» 


01 




1.3 


2.7 


pinlc 


pink 


red 




brown 


broWD 


16 24 


15 53 





8.SS 



The clay boma steel hard at 03. 

Uses. The materia] is not being osed but while it would un- 
doubtedly make an excellent clay brick it is too gritty to vitrify. 
• 8pringv<Ae, Portage Co. (Lab. No. 1096.) The residual 
elay) is found underlying the Potsdam sandstone at this lo- 
cality and ia also found exposed along the creeks. A sample 
taken from such position was secured by Mr. P. H. Merrell from 
the bank of a small creek on the "Wiaconsin Central Railroad 
4 miles south of Stevens Point. The depodt is immediately 
above the railroad bridge and below a grist mill, on the Stevens 
Point and Plover highway and represents a number of shallow 
borings taken with an 8 inch auger. The material which is a 
brown residual clay of sandy character is lighter burning than 
most of the others in this region. It contains .31 per cent 
soluble salts, and works up with 28.6 per cent of water to a mass 
which slakes rather fast and develops fair plasticity. Its air 
shrinkage was 6.1 per cent, and its average tensile strength 93 
pounds per square inch with a maximum of 105 potmds per 
square inch. 

In burning it behaved as follows: 



Wet-molded brickleta 
Cone 


010 
1.4 

pink 
18.08 


05 
S.6 

pink 
15.9* 


03 
5 

It red 
10.91 


1 
6.9 

br'wDi'h 
6.40 


2 

7 

pink 
6.40 


s 


Fire Bhrinkafie .... 


not vit- 
rified 


Absorption 





This indicates it to be more refractory than the majority of 
tlie residual clays tested, which become viscous at cone 1 or not 
far above it. It is certainly more refractory than some of the 
clays which are now used for Wiseoodn brick and which are 
placed on the market under the name of fire brick. A large 
brick made from this clay stood rapid drying witiiout era<ddng. 
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A ehetnical BnalysiB made hy Mr. A. S. Mitcbell of Milwaukee 
gave: 

BilioBlSiO.) 63.04 

Alutnioft |A1,0,) B1.60 

Ferric oiide (Fe.O.) 3.50 

Lime (CaO) .85 

MagoeBia [MgO 1.00 

AikaliM UDdeterminad 

Lou OD igDition 5.95 

ToUl »5.91 

Stevens Point, Portage Co. This locality ia snrronDded by 
deposits of residual clay which have been opened up at two 
pointa for the manufacture of brick. The works of both com- 
panies, which are known respectively as the Langenberg Brick 
Company and the Stevens Point Brick and Construction Com- 
pany are located on the road north of Stevens Point. At the 
works of the former whose exact location is in the N. E. %, sec- 
tion 19, township 24, range S E., the material worked is a bank 
of residual clay derived from the decay of a granitic schist 
which is cut by veins of quartz and intrusions of granite. Of 
these three rocks the granitic schist is the most easily decom- 
posed and the clay formed from it shows a thickness ranging 
all the way from two feet to an observed maximum of 12 feet. 
The quartz and the granit« decompose less rapidly and the for- 
mer specially is apt to form stony streaks in the clay which 
have to be avoided or thrown out in dig^ng. In the upper 
part of the section the clay is much tougher than in other parts 
of the bank and is due to the material having been worked over 
by natural processes. A certain amount of this is mixed in with 
the lower lying clay and improves the working qualities of the 
material. The varying depth which residual clays often show 
is well seen in this pit of which a section is given in Fig. 1. 

The lower clay which contains more or less decomposed rock 
stands a little more heat than the top clay and consequently this 
is sometimes worked into brick which are incorrectly termed 
fire brick although they have no claim whatever to refractoriness 
but are sold more or less for boiler settings, and to brick makers 
for use in construction of t^e door arches of scove and Dutch 
kilns. 
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Uses. At the present time the clay is used chiefly for the 
manufacture of common brick and for thia purpose it is put 
through a pair of rolls, whose main purpose seems to be to reject 
the stones, and then tempered in a pug mill. The clay is molded 
in a Sword machine and the bricks are hacked out in the open 
for drying. Unless the clay is properly prepared it is apt to 
show cracks in the air drying. The material is burned in Dutch 
kilns .and there is a settle of about 6 inches in 38 courses. The 
temperature reached in burning is no higher than the fusing 
point of cone 010. 

The plant of the Stevens Point Brick and Construction Com- 
pany was opened in the summer of 1904 and is located about 
lYi miles north of town. The clay used here is also a residual 
day derived from granitic schist but at the time of the writer's 
visit the pit was still small and not over 8 feet deep, and the 
solid rock had not been reached. The clay was lighter in color 
and not as micaceous as that at Langeuberg's yard. It (Lab. 
No. 1177) had the following physical properties: Color when 
moist light brown, soluble salts ,32, water 20.9, slaking fast, 
plasticity fair, much grit. The air shrinkage was 3.9 per cent 
and the average tensile strength 128 pounds per square inch 
with a maximum of 146 pounds per square inch. In burning 
it bohaveil as follows: 



Wet-molded brkhleta 

Cone 


010 05 03 

.6 2 4.7 

browniah dark red dark red 

red 

U.30 12.60 8.65 


1 

5.7 

browD 

4,29 





















Dry-[>ress brick lete: 
Fire shrinkage .. .. 

Color 

Abaorptiun 



The clay when wet-molded bums steel hard at a little above 
co:ie 0:}. It gives a good brick, however, at a temperature of 
eone OH) vbich is also the cone at which the bricks are being 
biirned ni tl'.e yard. 
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The chemical compoBition of a sample collected by Mr. F. H. 
Merrell and analyzed by A. S. Mitchell of MElwaukee gave: 

Silica (SiO.) B9.W 

Alumina (Al.O,) 16.74 

Ferric oxWe (Po.O.) 7.6* 

Lime(CaO) *3 

MaffneoiB (MkO) 1.68 

Lowon IgDitioii 8.M 

Total 90.35 

Uses. The clay is now employed for the manufacture of com- 
mon brick which are molded on a Sword machine, dried on an 
open yard and burned in Datch kilns. If not properly tem- 
pered the clay shows a tendency to crack in drying. 

Residual elay {Lab. No. 1118) is also found on the property 
of G. A. Sherman about one mile south of Stevens Point and 
the sample tested represents the average of a number of borings 
made through a bed 4 to 5 feet thick without reaching the bot- 
tom of the deposit. The clay is overlain by about 2 feet of sand 
which holds more or less water. Its physical properties were 
as follows: Yellow when moist, 22 per cent water required; 
plasticitj' good; much grit; air shrinkage 6.29 per cent. In 
burning it behaved as follows: 



Wet-moided bricklflta: 

Cone . . . t , 

Fire shrinkag* . . . . . 
Color , 

AbBorption 



The clay gives a body of good color but on account of its 
coarseness does not bum to a very dense body. It probably 
could not be used for anything better than the manufacture of 
common brick. 

Another sample of residual clay was t^en from a field just 
northeast of the water works, where there is a deposit at least 
12 feet deep. This material (Lab. No. 1120) is dark brown in 
color, contains .33 soluble salts, and mixes up with 24.2 per 
cent of water to a mass of rather low plasticity. It slakes fairly 
fast and contains much coarse grit. The air shrinkage was 6.1 
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per cent wliile the average ten«le strength was 176^ poonds 
per square inch with a maiimnm of 197.3 ponndi per sqnarfl 
inch. In burning it behaved as follows: 



Wet-molded bricklets: 


010 
1 
light 

13.69 


06 

1.3 

medium 

red 

11. H 


08 
3 

medium 
red 
9.9& 


t 

4.9 
dark 
red 
6 


a 












browD 







The clay bums steel hard at cone 1. 



Dry-presa brickleta: 

Fire ahriDkage 

Color light red 

AbKirptioQ 17.18 



Uses. The material is not being worked at present, but al- 
though the day contains much mica it gives a very hard brick 
at cone I. It ia too gritty to be used for making vitrified wares 
and is also rather sandy for the manufacture of dry-presa brick, 
but would no doubt work wet-mud. 

Still another sample of residual clay was tested from the 
property of J. Czaplewiski, and represents an S inch boring 10 
feet deep. The clay (Lab. No. 1176) which is of light brown 
color contains .31 soluble salts and slakes rather fast. With 
20.9 per cent water it worked up to a mass of low plasUcity and 
gritty character whose ur ahrinkage was 3.7 per cesA and whose 
average tensile strength was 77.3 pounds per square inch with 
a maximum of 90 pounds per square inch. In burning it be- 
haved as follows: 



Wet-molded brickleta: 


010 

light red 
17.60 


06 

al. aw. 


03 

2..1 

red browD 

18 67 








Color 


red browQ 







The clay is too sandy to be of any use except for the manu- 
facture of common brick and is also too sandy to work dry- 
press. 
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Eau Claire, Eau Claire Co. In Dr. Buckley's report on the 
clays of Wisconsm* a mentioii was made of the occurrence of 
extensive deposite of residual clay along the £au Claire river 
east of Eau Claire and a number of outcrops were visited for 
the purpose of collecting samples to be tested for the present 
report The samples came mostly from the S. B. % of the N. E. 
y^ of section 27, range 8 W., but the clays ontcrop at a number 
of points in the river bank, and on the abutting slopes, on both 
sides of the Eau Claire river. While these clays appear to have 
been derived from a variety of rocks, the parent formation is 
mostly a schist. The depth of the deposits is variable and with 
the exception of a belt underlying the lower terrace bordering 
the river th^ are usually covered by a thick deposit of sand 
between which and the clay there is often a bed of hard sand- 
stone. The latter, however, would make a very bad roof for 
underground mining operations since it is cracked by joint 
planes, and as soon as the underlying clay is removed the blocks 
of sandstone being deprived of their support will cave in. 

While the majority of residual clays in this locality are rather 
sandy in character, some of them are quite highly plastic, and 
although the highly plastic ones were not found in Yery large 
quantities some of them were tested for the purpose of serving 
as standards for comparison in case larger deposits of the same 
character were found. 

About 6 miles east of Eau Claire an artificial cut has heem 
made into the hillside exposing the contact of the Potsdam sand- 
stone and the underlying residual clays (PL XI, Fig. 2.) 

This cut is located <m the N. E. % of section 21, township 27, 
range 8 W. Immediately underlying the sandstone at this pcrint 
there is a deposit of very plastic rather dense-burning clay 
(Lab. No. 1033) which, however, is not present in sufficient quan- 
tities to be of commercial value, but as already stated a sample 
was tested for purposes of comparison if necessary. 

This had the following physical properties, color when moist 
brown, water required for tempering 39.6 per cent, slaking 
moderately fast, plasticity excellent, grit low. Its air shrink- 
age is 10.4 per cent and the average tensile strength 339 pounds 
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per square inch w-ith a maximum of 454 pounds per square 
inch. In burning it behaved as foUowa: 



Wet- molded bricklets: 

Cone 

Fira shrinkage ■> 

Color 

Absorption .... 




While the iclay bums to a vitrified body BtUl it fuses at a 
rather low temperature and has too high an air shrinkage to 
permit its being used alone, neither did it give as good a vitri- 
fied body as some of the samples t«9t«d from Pittsrille and Mer^ 

In the same cut in which this clay was obtained there is a 
small vein of whitish clay which from inspection appears to be 
refractory but on which the physical tests gave results that were 
rather disappointing. This vein is not over 6 feet wide and con- 
^dering its character is not of suf&cient value or extent to make 
it worth while working. The physical properties of the material 
(Lab. No. 1032) were as follows: water required 31.9 per cent, 
plasticity high with little grit, slaking slow. Its air shrinkage 
was 8.3 per cent and the average tensile strength 156 pounds per 
square inch with a maximum of 160 pounds per sqoare inch. 

In burning it behaved as fi^ows; 



Wet molded bricklets: 

Cone 

Fire shrinkage . . . . 

Color 



ra 



It bums steel hard at as low a cone as 010, and while it yields 
a good dense body it is not refractory. 
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Its chraiical compoBitioii is 

BilicaiSiO.) «.« 

Alumina (Al.O,) W.25 

Peiric oildo (Pe.O.) S.34 

Lime(OaO) 45 

MaipioBia (MfO) 20 

Pota«h<K,0| 3.26 

8odB(Na,0) 66 

Titanic acta (TiO.) 1* 

LoM on ignition 11.77 

Ttttftl 100.08 

Total fluT« 7.re 

This would be a refractory clay were it not for the high per- 
centage of potash and iron which it contains, the former indica- 
ting the presffiice of considerable nndecomposed feldspar. 

The third sample of residual clay from the Eaa Claire river 
valley was taken from an outcrop of decomposed schist underly- 
ing the Potsdam sandstone near a small water fall about one 
half mile west of the preceding locality. This clay (Lab. No. 
1031) when moist was brown and woited up with 32 per cent 
of water to a mass of high plasticity but rather gritty character. 
It slakes moderately fast and its air shrinkage was 7.4 per cent 
with an average tensile strength 112 pounds and a maximum 
of 127 pounds per square inch. 

In burning it behaved as follows: 



Wet-molded brickleta: 
Cone 


010 

•1. 8W. 

pink 
1B.8S 


05 
6 , 
led 

9.36 


08 

6 

deep red 

brown 

B 


1 

red 

brown 

6 


2 

63 
rod 
brown 

1.74 


4 


Fire ahrinkage 


7 




brown 
4.47 



The clay bums gteel hard at a little above cone 010. Thia 
material is a good common-brick clay capable of making a hard 
brick but not a paving brick. In burning to a hard product the 
color becomes too dull and deep to permit the material to be 
used for pressed brick. It is fairly dense-burning at a low cone. 

Another sample (Lab. No. 1030) was taken from a pit in tbs 
woods a few feet southeast of the locality just described. This 
sample which was partially tested, mixed up with 26.4 per cent 
of water to a mass of good plasticity and scattered grit. Its 
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air Bhrinkage was 5.1 p«r cent In bumiiig it behaved as fol- 
lows: 



Cone 


010 
bLsw. 


OB 
Bl. aw. 


1 






StttT ::;:;:::::::::;:::::;::: 



















The clay bums steel hard at craie 05. 

It is too coarsely sandy to be used for anything except com- 
mon brick but for this purpose fwould work all right, and might 
even be utilized for pressed brick. 

Still another sample (Lab. No. 1034) from this region was 
taken from a pit along the road leading down the front of a 
terrace escarpment at a point about midway between localities 
1031 and 1033. This clay worked up with 25.3 per cent water 
to a rather gritty mass of good plasticity and 6.4 per cent air 
shrinkage. In burning it gives the following results: 



Wet-moUed brtekleta: 

Cone 

Fire ehrlnkage , 

Color 

Abeorption 



010 


06 


03 


1 


2 










3.6 


light red 


rad 


red 


red 

browD 


•hSr 


laee 


11.77 


10 


751 


cu 



The clay did not become steel hard until cone 1, at which tero. 
I>erature it gives a hard brick, and while it would no doubt 
make a good grade of common brick the material is altogether 
too sandy to make a vitrified body. 

Bingle, Marathon Co. (Lab. No. 1007.) This is the most 
eastern locality at which the residual days are being worked. 
The brick yard at which they are used lies a few hundred feet 
east of Ringle Station^ and the clay is derived from a diorite 
schist. That which was being dug in 1904 is only partially d»- 
Gomposed material so that the structure of the rock is stall quite 
apparent in the face of the bank. There are occasional felds- 
pathic veins running through it and this makes sandy streaks 
in the clay. On the south side of the bank, at the top of the pit 
a much tougher clay is found but this as a rule is not sent to the 
brick machine. 

The clay when moist is deep red gray in color, and slakes 
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dowly. It contauLB .16 per cent of solable salts and mixes ap 
with 30.8 per coit of water to a mam of low plasticity and cod- 
aiderable grit The air shrinkage is 5.9 per cent and the aver- 
age tensile strength 97 pounds per square inch with a mATimnm 
of 110 ponnds per dqnare inch. 
In burning it bdiaved as follows : 



Cone 


010 

ri: 

12.97 


06 
i.i 

dMprea 

brown 

7 


03 

8.3 
duk 
brown 

S.60 


1 




Ti..beg. 


oZr'zTT//:/^::\'.:::'. 















The material makes a good common-brick clay but ia too coarse 
and micaeeons to permit ite bdng used for paving brick. 

Uses. At present the clay is molded into common brick 
being treated first in a pair of conical roUs for eliminating 
Btonee, and then in a 'Williams pulverizer, after which it is 
molded in a soft-mud machine, dried in tunnels, and burned in 
Dut«h kilns. If the clay were more thoroughly mixed and 
burned slightly harder a much better product would result. 

Medford, Taylor Co. (Lab. No. 1047.) Abont four miles doe 
southwest of Medford along the Wisconsin river there is an 
outcrop of greenstone which was pro^tected at one tame on 
search for iron ore. This rock has decomposed to a depth (d 
not less than 16 feet and forms a tough reddish day which hoir- 
ever is not being used for any purpose. The clay outcrops for 
a distance of about 50 feet along the river and c&d also be found 
at several points back from the river and at most places is cov- 
ered by a rather heavy muitle of glacial drift. The day which 
is of a deep red color slakes rather fast and contains .10 soluble 
salts. It works up with 22 per cent of water to a mass of low 
plasticity and some fine grit Its air shrinkage is 4.6 per cent, 
with a maximum of 134 pounds. In burning it behaved as fol- 
lows: 



Wet-molded bricklets: 
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The chemical composition of the clay was as follows : 

Silica (SiO.) *6.e6 

Alumina (Al,0,) 18.M 

Ferric oride(re,0,) 18.00 

Liine(CaOi 86 

UaffDeeia (MgO) S9 

Potash (K,0| 7.66 

Soaft(Na,0) 1.70 

ntaoic acid (TiO,) 08 

LosBoa ignition S.K 

Total .' 98.6* 

Total fluzea 28.61 

This clay is not as fusible as one might ^:peet from the high 
total flaxes hut this is due to the faet that the active fluxes, such 
as lime, magnesia, and the i^alies^ are present in small quan- 
tities. The material wonld not be of much value for brick 
manufactare but its use probably lies among the slip clays. At 
oone 1 it ^ves a dull reddish-brown slip. 

Discussion of tests on residwH days. All of the tests which 
have been made on the residual clays are tabulated in the table 
at the end of this bulletin. Taking their different properties up 
in order we find that most of them slake or mix up rather rap- 
idly when softened up with water. Different ones however, 
show a variable plasticity, this property ranging from high in 
some to low in others. The majority of them are gritty and 
some are even quite sandy. 

The percentage of water required to mix them up varied frcan 
15.4 per cent in case of the clay from Pittsville to 39.6 per cent 
in the case of a clay from east of Ban Claire. The average per-' 
centage of water required was 25 per cent and in the majority 
of the clays it was between 20 and 27 per cent. They also show 
a variable air shrinkage this ranging frcnn 3.7 per cent up to 
10.4 per cent with an average of 6 per cent. In most of them 
the air shrinkage is not excessive and the higher air shrinkages 
were usually found in those clays which required the greatest 
ammmt of water for tempering. It is not to b© understood 
from this, however, that this rule applies to clays as a class. 

The tennle strength was determined on 18 of the 26 samples 
tested and found to range from an average of 96 pounds per 
square inch up to 339 pounds per square inch wiUi a Tninritnnm 
of 153.2 pounds per square inch. Coiuudering the reddual 
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days as a whole we can say that their tensile strength ia very 
fair. In examining the results of the burning tests it is foond 
that in almost every instance the residnal claya woiied or in- 
Testigated are red-burning, some of them burning a bright red, 
others more of a brownish red. The fire shrinkage when burned 
to cone 010 is nsually quite low but very few of them burned 
steel hard at tiiis cone. Absorption in most cases at this cone is 
also moderate. At cone 05 three additional ones had become 
steel hard„ and the fire shrinkage of the majority when burned 
at this cone was under 2^^ per cent. Sii of the twentynsix 
samples burned at cone 05 had a fire shrinkage in excess of 4 
per cent and these in nearly every case were clays requiring 
more than the average amount of water for mixing, but not in 
every case representing a high ten^le strength. The percentage 
of absorption at cone 05 was also fairly low. At CMie 03 there 
was in mocrt cases an increase in fire shrinkage as was to be ex- 
pected and four additional ones had burned steel hard. The 
absorption percentages of the clays bnmed at this cone h<Tw- 
ever, showed more variation than was the case at the two cones 
below. At cone 1 several of the clays burned to a very dense 
body, seven of th^n showing an absorption of under 3 per cent 
while two of them showed evidence of becoming viscous at this 
temperature. 

In general it can be said of these residue clays that they bum 
to a body of good red color, moderate density, and that none of 
those examined could be classed as refractory materials. Their 
main use at present is for the manufacture of common brick and 
it is probable that most of them will continue to be used only 
for this purpose, although several occurences such as those 
around Merrillan and Halcyon, Jackson county, as well as from 
Pittsville, Wood county, bum to such a dense and hard body at 
cone 1 that it seems possible that they could be used for making 
hard brick for paving streets on which there is a moderate traf- 
fic. One clay, namely that from southwest of Medford is ex- 
ceedingly ferruginous, bums to a deep reddish-brown body, and 
it is suggested that this could possibly be used as a dull glaze 
for coating terra eotta wares. The analyses of those which 
were examined chemically are tabulated below. 
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2. Eed Buknins Shales op Lafayette and Grant Counties. 
In the southwestern part of the state in tiie region known as 
the Mound area, the weathered Maqu(&et& shale, already re- 
ferred to (p, 50) yielda a bed of tough plastic yellow clay. Al- 
though this material does not outcrop at any point, still in t^ 
region underlain by it, it can be reached but a few feet below 
liie surface, as the overburden ia a thin bed of sandy surface 
elay. The g^ieral section in this area, and the relation of the 
shale to other beds is indicated in Fig. 5, 

One sample of this was taken from a cistern excavation on the 
farm of W, H. Knebel just east of the Little Mound, near Platte- 
ville and testa were made, not only of this weathered Maquoketa 
shale alone but also of mixtures of the Maquoketa clay with the 
loess of that region in order to develop if possible any advan- 
tages that might be gained by a mixture of tbiem. The tests 
on these are given below. 



I*b.No 

flolublo salts.... 
Water required .. 
Slaking 



PlaBticity 

Grit 

Airahriokage 

Average tensile strengtli. . . 
Maximum tensile strengtb. 



Blqual parts Ma- 
quoketa clay 
and loess 
1093-20 



In burning the clay behaved as follows: 



Wet-molded brick lets- 
Cone 010: 
Fire shriDkage.... 
CoJor 

Absorption , 

Cone 06; 
Fire shrinkage . . . , 

Color. , 

Absorption 



light pink 
brown 
14.78 



light pink brown 
U.GO 



pink brown 
14.37 
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Cone 03: 

Fireahrinkage 

Color. . .. 


4 

red brown 

£0 

Tifl. 

06 


i3 

redbrovn 

2.93 

Tia. 
06 


6 






Conel: 

File abrtoksge 

8tMl hard at cone 

Dnr-proM brickleta— 


Tie. 
06 


cioior !Tr. 


r«i 





















1093. TMs is one of the best-bnmiiig brick claTs to be found 
in the state. It gives an excellent red color and a steel hard 
body even at cone 08 but is not adapted to a very good vitrified 
body. There is no apparent reason why it should not be used 
for making drain tile and hollow brick. No prediction can be 
made regarding its extent and thickness as there are no outr 
crops of it, but the material is to be searched for in the region 
around the base of the mounds. The general sectiOB that might 
be expected is as shown in f gure 5. 

3, Red ok Bkown-Bubnino Surface Clays of Varied Origin. 
Scattered over the central and western parts of the state are many 
deposits of red or brown-burning surface clays which are used 
diiefiy for the manufacture of common building brick. Those 
found in western Wisconsin are of the loess type and are all 
gritty in character. They are worked at LaCrosse, Platteville, 
Arcadia, Independence, etc Those found in the eastern and ex- 
treme northwestern part of Wisconsin are chiefly lacustrine clays, 
while the remainder which are especially abundant in the central 
part are mostly basin-shaped deposits of glacial origin. Among 
Uie latter, excellent red-burning ones were noted at BUsworth, 
Beedsburg, Milton, Horicon, and Beaver Dam. A most exteai- 
sive series of beds occurs in northwestern Wisconan at Menom- 
onie and Tramway. 

DETAILED DESCRIPTION OF 0CCUBRENCB3. 

Cuba City, Grant Co. Common brick are made from the loess 
at W. J. Kinlahan'a yard. The physical properties of the 
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material (Lab. No. 1022), were, water required, 14; plasticity, 
moderate; grit, fine; air ahrinkage, 8.5. 
In burning it behaved as follows : 



Wot-molded brlckleta: 


010 

light 
rod 
21.01 


06 
4. 
IJRht 

18.06 


03 
13 
medium 
red 
17.6fi 


1 
7 
dark 

M»d 

3.60 






7£ 






Abeorption 


brown 
2.83 







The day bums steel hard at cone 2. 

This elay is capable of giving a good red common brick and is 
sufficiently hard for brick purposes at 010. It is doubtful if at 
the time the yard was ronning this temperature was reached. 

PlattevUle, Orant Co. Two types of clay occur in this local- 
ity. One of these is a surface clay or loess which is a finely silt? 
clay, the other the MaquoketA shale which has been described on 
p. 50, The loess clay is not uniform in character through this 
section but usually shows a surface cl^ 18 inches to 2 feet thick 
(PI. XIII, Fig, 1) whidi is loamy or sandy in its character, 
while below this is a denser somewhat plastic clay which is 
known locally as "joint day" and is not used for making brick. 
This latter in places passes into a cherty clay derived from the 
Galena limestone. A sample of the surface clay (Lab. No. 1020) 
was tested from the Grindell Brick Co. 's yard at Platteville with 
tJie following results : Soluble salts, ,33 ; water required, 30,8 ; 
slaking, very fast; plasticity, good; grit, fine; air ahrinkage, 
8,52 ; average tensile strength 264 pounds per square inch with 
a maximum of 334 pounds per square inch. In burning it be- 
haved as fallows: 



Wet-molded brick lets: 

Cone 

Fire Bhrinkafe 

Color 

AbvorptioD 



It burned steel hard at cone ( 



010 


06 


03 


1 


•Law. 


A 


3 


7.6 


light 


red 


red 


dark 










16.13 


1*.73 


8.19 


S.70 
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D^-praaa brlckl«t8: 
FiK -"-'-' 



Fire shriukage . , 

Color I buff brown 

Abaorption I a0£3 



The dry-press bricks were steel hard at cone 2. 

This is a very gritty, porous clay with a granular structure, 
and bums to a good red color but hard enough for common brick 
at 010 although it is not] ateel hard at this point. It is alto- 
gether too siliceous for making vitrified brick but could prob- 
ably bo worked on a dry-press machine. 

Uses. The material is now being used for common brick which 
are maided in a aoft-mud machine, dried on pallets, and burned 
in scove kilns, but the temperature reached is not as high as 
cone 010. The I&i^ bricks i£ dried rapidly show a tendency 
to crack. 

Lancaster, Grant Co. The loeas has also been worked at Will- 
iam Barrow's yard on the west edge of this town but only the 
surface day has been extracted the clay bank being a shallow 
excavation not more than 2 or 3 feet in depth. The clay is a 
reddish-brown plastic material with small mica scales somewhat 
resembling that at Platteville. At the present yard the fore- 
man stated tiiat th^ run into a flint rock at a depth of 10 feet. 
This is probably residual clay containing scattered chert no- 
dules from the Oalena limestone. 

Fennimore, Grant Co. Red-burning surface loess was form- 
erly used at this town for making common brick. The deposit 
was shallow and the yard has not been in operation for several 
years, 

BlanchardvUle, Lafayette Co. A local deposit of alluvial clay 
(Lab. No. 1024) is woi^ed at this locality for making comm<m 
brick. The run of the bank which is used bad the following 
properties: "Water required, 24.5; plasticity, good; grit, some, 
coarse; air shrinkage, 6.3. 

In burning it behaved as follows : 
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010 
13.OT 


06 
1.7 
r«d 

lO.M 




FireBhriDkan 

Color „.. .. 


8.7 5.7 6.7 
dark red duk red dark 


Abaorption 


brown 
7 1.48 1.78 







Steel hard at cone 03. 

ThU makes an excellent bard brick at c<Hie 01 but could be 
burned for common brick at a lower t«mperatare. It is too 
gritty for the manufacture of vitrified brick. 

Monroe, Qreen Co. Red-burning clays are worked threo- 
fourths of a mile from Monroe at the yard of Kuster, Bowman 
& Schober. Tbe clay is dug to a depth of 4 to 5 feet and is 
covered by a black loamy clay about 18 inches in thickneaa 
They claim that if more than 5 feet of clay are used that the 
brick are of inferior quality. The clay ia crumbly in its char- 
acter and carries scattered pebbles of fiint. Underlying this is 
blue white-burning clay which is not dug on account of the 
water in it. The properties of the top or red-burning clay (Lab. 
No. 1017) are: Water, required, 30.5; slaking, fast; plasticity, 
good; grit, none; air shrinkage, 7.6. 

In burning it behaved as follows : 



Wrt-molded brtckteto: 


010 

.s 

light 
«d 
83.87 


05 

S.6 

light 

rod 

18.18 


03 
3.1 

light 
red 
17.08 


1 

7.3 
ted 

5.06 




BSm .llrlnVpn. 


8.3 


Col<»„ ." 


red 




brown 

6 







The clay bums steel hard at cone 1. It gives a fairly hard 
body at 010 and a very hard brick at cone 1, but it is too gritty 
for making vitrified ware. 

MUton, Bock Co. One mile east of town on the road to Lima 
on the property of L. B. Borden cm the south side of the road, 
there is a deposit of day not more than 500 feet from the railroad 
which according to Mr. Borden's statement is 12 feet in thick- 
ness and is overlain by 2 to 3 feet of graveL The material is a 
tough plastic clay which is not being wori:ed bat has been suc- 
cessfully experimented with at a small pottery near Edgerton. 
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It bnma to a fairly bright red color and a Titrifled body but if 
large pieees are burned to Titrifioation they show a slight ten- 
dency to craek. On tbe north side of the railroad there is an- 
other clay deposit which lies in a ffiinilj<T position to that of 
Borden X but is on the property of Mr. Goodrich. Althoogh 
the two depoeita are not more than 1,000 feet apart th^ are 
greatly different in their character aa can be seoi from the fol- 
lowing t«8te. 



Material 

lAboratorv No 

Soluble Baits 

Water required 

Blaking 

Plaaticity 

Grit 

Air shrinkafce 

ATer&ge tensile Btron^rth .. 
Maximum tensile Btreogth 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage 

Color 

Abaorption 

Cone 06; 

Fire shrinkage 

Color 

Absorption 

CooeOS: 

Fire shrinkage 

Color 

Absorption 

Conel: 

Fire Bhrinkue 

Color 

AbsorptiOQ 

Drr-press bricklete— 
Gone OS: 

Fire shrinkage 

Color 

Absorption 

Cone 2: 

Fire shrinkage 

Color 

Absorption 



fast 

high 

much, fine 



■I. ew. 
oream 
51.31 



si. ew. 

graj bnff 

36.17 



The clay burned steel hard at 05 when wet-molded. 
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The chemical compoEdtiou of the Borden clajr is : 

Silica (SiO.l 71.58 

Alumina (Al.O,) II.IB 

Perrio oxide (Fe,0,) 3.73 

Um8(CaO) 1.70 

Magnet (MgO) .96 

PotMh(K,0) 2.41 

Soda(N»,0) 1.28 

Loss on ignition 6.33 

Total 99.12 

Total floxea 10.08 



It is hardly necessary to point out tlie diSerences between 
these two clays as they are so evident. The Borden clay hums 
to a good color and good body, while the other la so open bnm- 
ing and gritty that it is of little value. 

JanesvUle, Bock Co, There is one brick yard at this locality 
namely that of the Janesville Red-Brick Co. which for unknown 
reasons has not been in operation for several yeara The bank 
is a long shallow ezcavatioii showing a fine-grained cross-bedded 
sand and clay of which at least 6 feet are exposed and which is 
very lean. The overburden consists of 3 to 6 feet of gravelly 
clay and sand. On top of this in places there are pockets of 
red clay, which seems to be the only miat«rial on the property 
HaX could be satisfactorily used for making bricks. This bums 
to an excellent red color and would even make a good dry-press 
brick or lile but the deposit is rather shallow and a large area 
woiild have to be worked over in order to get sufBcient material 
for a brick plant. 

Richland Center, Rock Co. William Bliesner is working a 
deposit of sandy surface clay of poeeibly modified residual ma- 
terial at the base of the hill west of town. (PI. XXV.) The 
material is a gritty red-burning plastic clay which tends to 
«rack badly in air drying and to prevent this salt is mixed with 
the clay in the proportion of one gallon salt to 700 brick. The 
material is tempered in a pug mill, molded by hand, dried on 
an open yard and burned in scove kilns. 

Viola, Eichiand Co. Another depocdt of red-burning surface 
clay (Lab. No. 1025) is worked at Viola at the yard of Pahl 
and Sherry. Its physical properties were as follows: Water 
required, 17.6; plasticity^ good; grit, some, coarse; air shrink- 
age, 5.94. In homing it behaved as follows : 



ivV^nOO'^IC 



THE CLAYS OF WISCONSIN. 



Wet-molded bricklete: 

Cooe 

Fir« ihriDkace 

Color, . 


010 
A 

very 
ightred 
17.68 


06 


03 

4 
red 

7.74 


1 

7.6 
dark red 

1JB8 


2 

8 
red 


Absorption 


brown 
1.SS 



The clay bums ste«l hard at 03 but gives a good brick body 
even at ciwie 010. 

Mazomanie, Dane Co. A deposit of clay 12 feet deep (Lab. 
No. 1182) occurs on the property of Mi-. H. H. Wlllapd. It 
worka up with 17.6 per cent of water to a mass of fair plasUcity 
but considerable fine grit whose air ^nkage is 7.4. In bnming 
it behaved as follows: 



Wet-molded bricklete: 
Cone 


010 
al. 8w. 
yellow 
Drown 
14.03 


05 
Bl. an. 
dark buff 

14.10 


03 

S.7 

red brown 

7.2 








Color 













Burns steel hard at eone 03. 

This is a good red-burning common-brick elay which could 
probably be burned at as low a cone as 05. At cone 03 the clay 
deepens too much. It could probably be molded dry press. 

Madison, Dane "Co. Red-burning clay is found at Stephens" 
yard, but since it occurs in the same bank with the eream-bum- 
in^ clay, it has, to facilitate comparison, been described mi an 
earlier page. 

Reedshurg, Sauk Co. This town lies within the driftleaa 
area. Only one yard is in operation here, viz., that of Hal- 
bersleben one mile west of the city. The deposit of red surfacft 
clay (Lab. No. 1123) is worked to a depth of 3 feet, after first 
stripping off the black surface loam. It works up with 22 per 
cent of water to a mass of good plasticity and containing acane 
coarse grit. Its air shrinkage is 7 per cent, and in burning it 
behaved as follows : 
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010 


i 

buff 

i3.ig 


03 

1 

light red 

ia.« 

1 




PtlH llhrInl»B<. 


6,3 















It burned steel hard at cooe 1. 

Uses. This ia cme of the best red-burning clays that was tested 
from the state and for pressed brick it would probably work just 
as well as the clay dug at Menomonie. Up to the present time 
no attempts have been made to use it for this purpose. 

A more sandy clay is used at a similar yard at Plain, Sauk Co. 
This clay (Lab. No. 1102) works up with 22 per cent of water 
to a mass of good plasticity and some grit, whose air shrinkage 
is 4.3 per cent In burning it behaved as follows: 



Wet-molded bricklets: 
Cone 


010 



light rad 

16.65 


06 



red 

16.27 


03 
.7 
red 
15.80 


1 

6 

darlired 

5 








Color T";:.:;""" 













The clay bums steel hard at cone 2. It is a very sandy bri^ 
clay which bums to a good red color and gives a fairly hard 
brick even at cone 010. The clay is employed for the manu- 
facture of common brick and in burning it is doubtful whether 
a temperature of 010 is reached. 

Beaver Dam, Dodge Co. A red-burning estnarine clay ia 
being worked one mile north of this town end is among the 
best red-burning clays that were seen in the state. The depoedt 
has been woi^ed to a depth of 3 feet and is overlain by a thin 
layer of soil. The sample {Lab. No. 1059) worked up with 26,4 
water to a mass of fair plasticity, and with considerable fine grit 
whose air shrinkage was 8.5 per cent. 

In burning it behaved as follows ; 



Wet.molded brickleta: 

Fire Bhrinkage ~ . . . . 
Color ,, 

Abet^tioD 
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Whenair dried the clay formed a good hard body. It burned 
steel hard at cone 010. It is doubtful whether it would staad 
much more than cone 1 as it shows signa of becoming viscous at 
that point. 

Uses. The clay has been used by the Beaver Dam Brick Co. 
for the manufacture of common brick, but the plant was not in 
operation at the time it was visited. 

Horicon, Dodge Co. The red-burning clays at the locality 
are so intimately associated with the cream burning ones, that 
the tests on them are given under that head. 

SchUisingerville, Washington, Co. The red-burning clays 
from here are discussed with the cream-burning ones, for the 
same reasons mentioned under Horicon. 

Iron Ridge, Dodge Co. Underlying the Clinton ore at tiiia 
locality is a bed of clay at least 18 feet tiick. It is divisible into 
an upper day 6 feet in thickness (Lab. No. 1027) which immedi- 
ately underlies the iron ore and the lower clay 12 feet thick 
below the upper clay. Neiliier of these are worked nor have 
they ever been used for the manufacture of brick so that it is of 
interest to determine their physical properties which were as 
follows: 





18.7 

moderateljr fut 

exceUent 


Lower c1b7 
1172 




Water required 


17.6 




high 






1.6 
76.3 
87.0 

al. 8W. 

light browQ 

23.61 

si. sw. 

light brown 

22.31 

■1. 8W. 

brown 

ao 






62. 


Wet-moided brickleta- 
Cone 010: 
Fire ahrinkaKo 












Cone 05: 












Cone 08: 




Color 




AbeorptioD 


25.71 
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Pi|. 1. Clay pit at Thienult's yard. Chippewa 
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CoQ«l: 
Fire ahrinksge . 

Color 

Aboorption 



sLsw. 

pink bnS 

1S.U 



ChetniecU compotition. 

Silica {8iO,).- 30.90 

Alumina (A1,0,J 7.86 

Ferric oxide (Fe.O,). 9.13 

Idme(CaO) 17.30 

Magnesia (MgO) 4.80 

Potash (K.O) 3.76 




■ ■ Of these two clays the upper clay is by far the better 
While it bums to a good hard brick still it is not a very 
dense oae. It stands fast drying fairly well without cracking. 
The lower clay gives a brick with a good ring but lacks density. 
The upper clay could probably be woi±ed in connection with the 
iron ore. 

The analysis given above would surest a buff-burning clay, 
but the high iron percentage probably prevMits this. 

Viroqua, Vernon Co. This locality lies in the region covered 
by the loesa and the clays employed are quite silty in tiieir 
character but nevertheless bum to a denser boi^ at a low cone 
than many of the cream-burning calcareous clays found in the 
eastern part of the state. Two samples were tested from here. 
One of these (Lab. No. 1026), represents the brick mixture used 
at Pahl's yard which is the combination of the clay and overlying 
sand, while the other is a brick mixture from S, Foster's yard 
(Lab. No. 1079). Their properties are given below. 



Lab. No 

Water required 

SIbUdk 

Grit 

Air ehriokafte 

Average tensile strength... 
Maximum tensile strength, 

10 



1026 


1079 


S3.1 


30.9 


fast 




much, fine 




S.6 


3.4 






S51 
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W«t-molded brickletB— 
CoD« 010: 

Fire sbrinkag*. 

C3o1ot 

Abaorption 

Cone 06: 

Fire sbrinliage 

Color 

AbsotptioD 

Cone 03: 

Fire shrinksse 

Color 

Abaorption 

Conel: 

Pire Bhrinkage 

Color 

Abaorption 



brownish yellov 



The fiitrt of these hums steel hard at cone 03 and makes a good 
reddish brick even at cone 010 but the color deepens at 03 and 
oomnderably at cone 1. There is no apparent reason why this 
clay should not work well for dry-press hricka. 

The second clay, 1079, does not bum steel hard until cone 1, 
and shows the effect of the admixture of sand to clay. It pves 
a hard but by no means a dense brick and shows a high increase 
in shrinka^ at cone 1. In order to get the best color it should 
not be burned above cone 03. Both samples are too gritty to 
yield a vitrified body. 

The siliceous character of the clays is slso indicated by the 
two following analyses given by Buckley.* 

I II 

Silica (SiO.) 74.71 78.26 

Alumina (Al.O,) 12.60 1L*1 

Ferric oxide lFe,0,) &80 1,80 

Liine(CaO) 70 1.00 

Hagneaia (MgO) .56 .68 

Potash (K^ 2.18 1.88 

Soda(Na,b) 1.11 1^ 

Btaninacid (TiO.) ,66 .46 

Ignition 6.80 3.12 

Total W0JS3 90.88 



•Op. clt, p. 274. 
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Berlin, Green Lake Co. The lacnstrine clays at this locality 
were formerly worked by C. S. Morris but the plant baa berai 
temporarily abandoaed owing to the difficully of draining the 
depofflt. While in operation the clay was used for making a 
stiff-mud side-cut brick^ and these when proper^ bomed had 
an excellent ring and showed a high crushing strength. 

Fond du Lac, Fond du Lac Co. The estuarine clays have beeai 
opened up at this locality for the manufacture of common brick 
and are worked at the yard of H. G. Haas and Bro. The day 
is worked only to a depth of three to four feet, although it mnB 
much deeper, but the lower layers contain too many limestone 
pebbles. 

The properties of the run of the bank (Lab. No. 1043} were: 
soluble salts, .50; water required, 25.3; slaking, fast; plasticity 
high; grit, some, fine; air shrinkage 7.4. Average tenaila 
strength 286.6; maximum tensile strength 356.5 pounds per 
square inch. In burning it behaved as follows: 



Wet-molded brickleta: 

Cone 

Fire sbrinkBge 

Color 



Drr-preflaed bricklete: 
Fire Bhrinkage .... 
Color 



light 
Absorption | 27.81 



The day gives a good hard body even at 010 and if burned to 
03 the iron shows a speckled appearance which continued up to 
cone 2, at which cone the dark specks of the day showed signs 
of fusing. In order to make dry-press brick the day should be 
burned at least at cone 03. 

La Crosse, La Crosse Co. There are three yards in the vicin- 
ity of La Crosse raigaged in the manufacture of common brie* 
and in all of them the material used is a very sandy stratified 
clay of the loess type, which is found underlying the low hills 
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&rouncl La Crosae and extending back to the base of the lime- 
stone bluffs. In all of the banks examined there seems to be 
more or less lack of uniformity in the character of the material, 
sandy streaks sometimes predominating to the exclusion of the 
clay and all grades being found from fine silty clay to coarse 
clay sand. Aa a rule the run of the bank is used. 

In order to point out the properties of this material one sam- 
ple was taken from the bank of Schnell Bros, representing tiie 
run of the bank or the brick mixture. (Lab. No. 1109.) Ita 
properties were aa follows: Soluble salts, .15; water re- 
quired, 22; slaking, fast; plasticity, lean; grit, much, coarse; air 
shrinkage, 3.6 ; average tensile strength 226.8 pounds per square 
inch with a maximum of 252 pounds per square inch. In burn- 
ing it behaved as follows : 



Cone 


010 

Bl. BW. 

brownish 
yellow 
18.59 


05 

Bl. BW. 

light red 
18.71 


03 

red brown 

16.05 


1 




brown 
B.38 







The clay bums steel hard at cone 1 and ^ves a common brick 
of good color even at a low cone, but the absorption as can be 
seen from the test is rather high, although not excessive unless 
the clay is burned to cone 1 and at that cone the color is too 
deep to suit most people. 

Uses. The clays around LaCnsse are worked by Schnell 
Bros., D. Mader, and M. J. Myers. The product at all the yards 
is common brick and the clay is molded in horse-power ma- 
chines, dried on open yards, luid burned in scove kilns. 

Tomah, Monroe Co. In the clay pit at this locality the sec- 
tion observed was: 



Of the latter only 5 feet were exposed. The clay contains 
some scattered angular stones and also streaks of limonite and 
the general run of it is quite silty. This clay (Lab. No. 1122) 
has the following properties: water required, 13.2; slaking, mod- 
erately fast; plasticity, low; grit, some, fine; air shrinkage, 3.8. 
In burning it behaved as follows : 
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Wet-moldod Iwickleta: 


010 

■1.8V. 

brownish 


05 



r«d brown 

16.61 


08 

1 
red brown 

is.gi 





















The clay does not bum steel hard until cone 1 and gives a 
porous though even-grauied body. It bums to a fair color bat 
lacks a good ring and in order to get good results should be 
mixed with a more plastic day. 

Independence, TrempeUau Co. The loess clays are woi^ed 
here at the yard of J. Hertzfeldt in whoBe bank the section shows : 

autyloam 1ft. 

Fin* yellow Bftnd7 clftjr 9ift> 

No sample was tested from this locality bat the clay bums to 
a red although somewhat porous brick. 

Arcadia, Trempeleau Co. Here again the loess cIb^b are used 
and a physical test made on the sample from the yard of £. and 
A. Pahl' shows that they ree^nble those dug at la. Groaee. The 
tests on the sample representing the run of the bank (Lab. No. 
1077) were as follows: water required, 34; slakiog, fast^ plas- 
ticity, good; grit much, fine; air shrinkage, 5.7. In burning it 
behaved as follows : 



Wet-molded bricklets: 


010 

.7 

Tery 

light red 

16.26 


05 
.3 
red 

1530 


red 
12,16 


1 

6.7 
dukred 

2.95 


s 






cotot" .T::!:!!:!::!!: 


duk 




brown 







The clay bums steel hard at cone 1. It is a very sandy brick 
clay showing scattered mica scales and does not give a good hard 
brick below 03, although the color of it is good. Above cone OS, 
the color deepens rapidly and the clay bams to a very hard but 
not vitrified body at cone 1-2. The siliceous character of this 
clay is well brought out by the following analysis: 
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Silica (SiO.) 73.06 

AlnmiDS (AliO,) U.B6 

Ferric oiido (Fe.O.) 4.11 

UnMtCCaO) U 

Magnesia (MgO) M 

Potash (K,0) 8.31 

Soda{Na,0) 2.76 

Titanic acid CfiO.) 09 

Loss on ignition 6 .36 

Total 100.68 

Total fluua 10.B3 



Uses. The clay is employed for the manufacture of conmuHi 
brick at Pahl 's yard. It is prepared in a soak pit, molded in a 
liorse-power machine, dried on hacks on the yard^ and bnmed in 
scove kilns. 

Marshfidd, Wood Co. At the works of the Central Wiscon- 
nn Pressed-Brick Go. 3 miles north of town there is an ezten- 
alTe deposit of surface clay probably of glacial origin, under- 
lying a swamp tract. At the time of our visit the section showed 

L SoU 6 inches 

5. Grayctay lto2ft 

3. Tellow sandy clay 4 ft. 

4. Blaek siliceous clay 1ft. 

6. Sandy gravel 8 in. 

a. White gritty clay 4 to 5ft 

7. Blueclay 30ft. 

Numbers 2, 3, 4 and 5, are mixed tt^ether for brick manu- 
facture. The section evidently varies from point to point and 
the clay noted in the face of the bank six months later might 
differ entirely from the clay given above. The pit is not more 
than 6 feet deep and consequently the blue bottom clay is not 
exposed. The statement waa made that the latter alone burned 
to a very dense body and consequently was well adapted for the 
manufacture of pottery, and in order to test this point a sample 
waa taken of the run of the bank used for making brick exclusive 
of the blue clay and the second sample representing the blue 
clay alone. The properties were as followH: 
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Blsteriat 

laboratorr No 

Soluble Mite 

Water reqalred 

SlakiDK 

PlMtlcity 

Grit 

Air ahriDkag« 

Average tensile atrength. . 
HaximuDi tensile strength. 

Wet-molded brickleta— 
Cone 010: 

Fire sbrinkage 

Color 

AboorptioD 

Cone 06: 

Fire shrinluge 

Color 

Absorption 

Cone 08: 

Fire shriakage 

Color 

Al)aorplioii 

Conel: 

Fire shrinkage 

Color 

AbaorptioD 

Steel haid at cone 

DiT-prem brickleta— 
Conel: 

Fire shrinkage 

Color 

Absorption 



Brick misture 


Lower blue clay 


1170 




.19 


.18 


17.6 


S2 


fast 


Blow 


low 


good 


much, coarse 


some, fine 



yellow brown 
11.23 



The brick mixture gives a very fair color in burning but tlie 
bricks unless burned hard lack a good ring. The lower blue cliff 
bums to a good color up to 05 but deepens considerably above 
this and although very plastic it does not bum to a sufficiently 
dfflise body and is not sufficiently fine-grained to make a good 
pottery clay. It would probably fuse at cone 3. The chemical 
composition of the blue clay is : 
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aaic»(SiO,) 7B.6 

Alumina (Al.O,) U.l 

Ferric oridB{Fe,0,) 6.6 

lame (C»0) 1.8 

Ha^eaia (MeO) C 

Potash (K,0) 2.4 

8odB(Na,0) 1.4 

Loss on ignitioD 4.0 

Total 99.8 

Total fluxoe 10.8 



Uses. The clay at the present time is employed entirely for 
making common briclc. It is prepared in a pug mill and molded 
in a soft-mud machine. Drying is done on pallets and burning 
in Dutch kilns. The color of the brick is considerably improved 
by the use of hematate in t^ molding sand. 

Hewitt, Wood Co. A deposit of red-burning alluvial day is 
known to occur along Mill Cre^ one mile soath of the "Wiscon- 
nn Central Bailroad lAation of Hewitt, and from the samples 
taken in an eight inch boring by Mr. F. H. Merrell of Portage 
City it (Lab. No. 1085) was found to have the following quali- 
ties: Soluble salts .40; water required, 22; slaking, fast; plas- 
ticity, medium; grit, fine; air shrinkage, 4.46; average tenmle 
strength, 249 pounds per square inch with a maximum of 274 
pounds per square inch. In burning it behaved as follows : 



Wet-molded brlcklefs: 


010 

red 

U.IO 
03 


06 

.3 

medium 

red 

13.10 


? 

dark red 
6.M 


1 

6 

dark red 

1.57 








Color. ::::■■' 


dark 





















Drr-press brickleto: 
Fire shrinkage . . 

Color 

Absorption 



DiBtizedOyGoO'^Ic 



THEIR XJ8ER AND PR0PERTIB8. 153 

Iti chemical composition as analyzed by A, S. Mitchell of 
Milwaukee was: 

Silica (BiO.) 75.24 

Alumina (AI.O,) 12.21 

Perrlo oxide (Pb,0,) 3,89 

LimelCaO) l.« 

HsgneBia (^O) 1.01 

Alknlieo by dOfewBce S.M 

Loaa an igrnition 3.3S 

Total 100.00 



This is a good red-burning clay of low fire ^rinkage, as might 
be expected from the high ralica contents shown in the analysdi 
and yet in spite of its silieeoua character it bums to a fairly 
dense brick of good red color. In burning, however, the bright- 
est colors are obtained at cone 05, or lower, and above this cone 
the color deepens considerably. It would no donbt vrork, well by 
either dry-press and wet-molded methods. 

ClintonvUle, Waupaca Co. The country around this town is 
underlain by fallow deposits of lacustrine clay but the only 
one that is opened up is about a half mile due southwest of the 
town, on the pn^erty of Alf and Son. The material here ii 
laminated, plastic clay of reddish-brown color and underlain in 
places by sandy clay or gravel. Its exact depth is not known 
but it averages alwut 6 feet The cre&m-buming under clay ii 
absent at this locality. No one d^osit of clay here is probably 
extensive enough' for a lai^ plant but there is sufBci^it to start 
a brick yard of medium size. The clay is very gritty and hence 
shows a small shrinkage in burning and drying and even in a 
distance of 50 feet exhibits considerable variation in its charac- 
ter with a corresponding difference in air and fire shrinkage. 
As an example of this we may take two samples taken from dif- 
ferent parts of the bank but at the same level. Their properties 
were as follows: 



Material 


B.W.endofbaDk 
1126 
23.1 

6-2 


N.E.eDd of bank 






piMticifc? .■'.'.'.■.'.■.■■.''.' ■■.■.'.;■.'.'. 


good 


oSt!^.; ;;;:::;;::::;;;:::.;:;;:::: 


AirabriDkace 


3.4 
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Wet. molded bricklots— 
Com 010: 




brownish ytitow 

15.66 

2.3 

red brown 

11.37 

3 
3.S3 






yellow browD 




CooeOS: 












Cone 03; 












CoMl: 
FireshTiDkura 








green brown 
*76 








08 









Uses. The clay is now being used for the manufacture of com- 
mon brick by the soft-mud process. The bricks are dried on an 
open yard and burned in score kilns at a temperature some- 
what lower than cone 010. 

Waupaca, Waupaca Co. C. Gminer is working a small de- 
posit of alluvial clay about three miles southeast of town. The 
elay lies in a hollow along the sout^ branch of the Little "Wolf 
river and burns to a reddish-brown color. 

Green Bay, Brown Co. In addition to the oream-bnming 
clays occurring at this locality there are a number of red-burn- 
ing clays which are usually found immediately underlying the 
surface and sometimes overlying the calcareous cream-burning 
d^osits. Among the yards at which clays of this type are 
worked at are those of A. H. Eiserman located three miles east 
of Hagermeister'a Brewery at the forits of the Manitowoc road; 
Douchateau Bros, on Dutchman's Creek, two miles south of 
Green Bay; and the Eeformatory Brick Yard on the east side 
of the river three miles south of Qreen Bay. At Douchateau's 
yard both red and white-burning clay are found, the section in- 
volving : 

Loam 1ft. 

RAd-burDiDt! clay 'i tt. 

White buroing clay Thickness unknown 
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The red and white-burning clays are mixed together for mak< 
ing a red brick while the white clay alone ia naed for tile. At 
Eiserman's yard the section ahows 1 foot of mixed layers of cl^ 
and sand, nnderlain by iron-streaked red-burning clay whose 
thickness is unknown. 

The deposit is excavated to a depth of 3 feet and the ran of 
the bank is used. The properties of this (Lab. No. 1082} are 89 
follows: Water required, 19.8; plasticity, good; grit, some, 
coarse; air shrinkage, 7.1. In burning it behaved as followH: 



Wet-molded brickleta: 
Cone 


010 

1 

red brown 

14. S5 


OB 

.i 

light pink 

u.ao 


3 
light red 

6.B1 


1 








greenioh 









This clay gives a fairly bard body but the bricklets lacked a 
good ring. Its f udon point is quite low. 
At the Reformatory yajrd the section shows: 

Soil 

i^and; loam 

BrownUb cla7 to a depth of H 

Cream- buroiog clay. 

The red-burning clay overlies the cream-burning material and 
forms the greater part of the brick mixture. The cream-burn- 
ing clay is, however, much tougher and does not break up as 
easily in the pug miU as the red, consequently lumps are to be 
seen scattered through the brick. At Smith Bros.' yard the 
physical properties of the red-burning clay (Lab. No. 1091) are: 
Water required, 20.9; slaking, fast; plasticity, fine; grit, much, 
coarse; air shrinkage, 7.1. 

In burning it behaved as follows: 



W«t-tDolded bricklets; 


010 



liffht red 

brown 

25 45 


06 
.3 

piDkiAh 

16.46 


03 

1.4 

light 

brown 












Abwrption 


gray. 




Steel hard at cone 03. 
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This is a gritty porous clay but makes a very good conmum 
brick. 

Uses. The material ia now used for making conunoo brick 
which are molded either on a soft-mud or a stiff-mud machine, 
dried on pallets, and burned in scove kilns. About 20 per cent 
of sand taken from a neighboring bank ia mixed with the clay. 

Spring Vailey, Pierce Co. A small deposit of very sandy 
clay is used for brick at this town the plant being operated by 
F. Lowater. The brick are soft-mud and burned in scove kihuL 

River FaUs, Pierce Co. The loess clays have been opened up 
here at the yard of the River Falla Brick Co. They are used 
for making soft-mud brick. 

At Ellsworth in t^e same county a deposit of flood-plain clay 
has been opened up which shows black loam underlain by 5 feet 
sandy clay. This material (Lab. No. 1100) is used in the pro- 
portion of 14 surface loam and % clay. The mixture which 
slakes moderately fast works up with 19.8 water to a mass of 
low plasticity and containing much grit whose air shrinkage is 
3.1. In burning it behaved as follows: 



Wet-molded brickleta: 
CoQe 


010 
Slav 
rellow 
brown 
I&.IO 


06 

1.3 

redbrowD 

11.07 








Color !?.::: 













It became steel hard at cone 03. 

The clay burns to a good red ccdor but even at 05 does not give 
a hard brick. 

Uses. It is employed for making soft-mud brick which are 
dried on pallets and burned in scove kilns. 

Durand, Pepin Co. A clay bank is located on a blnff one- 
half mile west of J. T. Dorchester's yard and consists of an 
average of 3 feet of sandy yellow clay underlain by a more 
shaly clay which is called fire clay. The brick clay (Lab. No, 
1040) has the following properties; soluble salts, .34; water re- 
quired, 18.7 ; plasticity, low ; grit, much ; air shrinkage, 4,8 ; 
average tensile strength, 242^8 pounds per square inch; maxi- 
mum tensile strength 263 pounds per square inch. In burning 
it behaved as follows : 



,V^nOO'^IC 



TBBIR V8E8 AND PROPERTIES. 



Wet-mold«d bricklett: 


010 
al. aw. 
liKht 
red 
11.16 


06 

.6 

light 

ted 
10.53 


03 1 
l.i 5 

dark red dark red 

7.36 3.43 




Fire shrinkage 


6.3 




brown 


Steel hard at coae 06. 





Drv-presa brick lets: 

Cone 

Fire shrinkage .. 

Color 

AbsorptloQ 



The clay although very gritty will not stand rapid drying. 
It contains small angular fragments of apparently decomposed 
sandstone and while it gives a good hard brick it is too gritty to 
make a vitrified one. It is also rather sandy for dry-press brick 
and if used for this purpose should be burned at not less than 
cone 03. 

The fire clay (Lab. No. 1141) so-called, gave the following 
physical properties: Water required, 15; slaking, fast; plas- 
ticity, low; grit, much; air shrinkage, 9. In burning it be- 
haved as follows : 



Wet-molded briok- 
lets: 
Cone 


010 
si. sw. 

27.44 


05 

«1. sw. 

a 

S9.78 


03 
si. sv. 

29.90 


1 
si. aw. 

28.67 


3 

bI. 8W. 

37.61 




Fire shrinkage .... 


"H" 


Abaorption 


•& 



This is a very open-burning clay and probablji of not much 
value for structural work, but is more refractory than many of 
the other clays tested; still it is not to be regarded by any means ■ 
as a fire clay for it contains a high percentage of fusible im- 
purities as se^i by the following analysis : 
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Silica (SiO.) 46.« 

Atuinii]a(Al^i) 7 79 

Ferric oiide FftiO,) 3,09 

liimefCaO) 12.16 

Haffneaia (MkO) 7 68 

PotMhlK-O) 4,M 

Soda(Na,0) 46 

Titanic acid (TiO,) 13 

Lose on ignition 7.96 

Total 100.68 

Total floxep 88 S2 

NeiUsvUle, Clark Co. A day deposit hsa been developed here 
at the yard of A. A. Sehoen^arth and the elay is known to over- 
lie an area of 60 acres to a depth of 6 feet. The sUieeons char- 
acter of the clay (Lab. No. 1173) shows up well in the following 
test of its physical properties. Water required, 22 ; plasticity, 
fair; grit, mneh, fine; air shrinkage, 4.2. In burning it be- 
haved as follows: 



Wst-molded bcicklets; 

Cone 

Fire shrinkage 
Color 




I>ry-preaa brick leta; 

Fire shrinkage 

Color 

Absorption 



Although this clay is pretty gritty it would no doubt work in 
a dry-press machine, and bums to a fair color. 

Vses. At the present time the material is used simply for the 
manufacture of soft-mud brick which are dried on pallets and 
burned in scove kilns. There seems to be littJe cracking in the 
burning. The brick could be improved if more plastic clay 
eould be found to mix with that now used. 

Athens, Marathon Co. There are scattered deposits of glacial 
clays around this town and one of these was crpened up in the 
summer of 1904 by the Athena Brick and Tile Company, at a 
point one and a half miles east of town on the road to E^ic&P- 
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At the time of the writer's visit the pit whch h&d been made was 
quite small and showed a tough red, stony, glacial clay which 
rested on bed rock, the latter being encountered at a depth of 
from 7 to 8 feet. The location is a rather undesirable one and 
it is possible that by intelligent prospecting a deposit eould have 
been found which contained fewer stones. The clay itself is very 
tough and lai^ bricks tested showed that it had a tendency to 
crack in air drying, especially if the latter was carried on very 
rapidly. This can be prevented to some extent by adding some 
of the top scdl to the clay. The properties of the clay (Lab. No. 
1049) were as follows: Water required, 19.8; plasticity, good; 
grit, mnch, coarse; air shrinkage, 5.7. In burning it behaved as 
follows : 



Wet-molded bHcklots: 

Fire Bbriakafte 

Color 

AbeorptioQ 



The clay bums steel hard at cone 05 at which point it is not 
far from viscous. When freed from the stones and mixed with 
the soil it makes a very fair red-burning brick mixture and is 
being used for the manufacture of soft-mud brick. 

Edgar, Marathon Co. There are two yards here, one of which 
has suspended operation for several years, while the other, T. 
Hill's yard, located on the southern edge of town with a bed of 
day about 75 feet further south is in active operation. The 
clay deposit which underlies a swamp shows the following sec- 
tion: 

Red clay 3 ft. 

Coarae graioed saod 6 to IS ft. 

Dark blue claj depth unknown 

For making bricks the run of the bank exclusive of the blue 
clay is used. The blue clay is exceedingly plastic, rather dense 
and on sight would appear to be adapted to the manufacture of 
drain tile or perhaps even common red earthenware, but the 
physical test and chemical analysis made on it indicate how 
deceptive it is in appearance. Ita lAysieal properties (Lab. No. 
1060) are as follows: Water required, 26.4; slaking, slow; plaa- 
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tieity, high; grit, considerable; air shrinkage, 92; average tea- 
rile strengdi aobut 200 poBnds per square inch. In burning it 
behaved as foUowa: 



W»t-molded brickl«tB: 
Oooe... ; 


010 



light red 

11.83 


06 

Bi.BW. 

red 
9.90 


03. 
S3 
red 
7.U 
















Steel hud at cone 03. 





Chemteat oompotUion. 

Silica (SiO.) 64.46 

AJumiDa (Al.O,) 8.73 

Ferric oxide (Pe,0,) 6 , 40 

UmefOdO) 7.32 

Magnesia (MgO) 16 

Potash (K,0) 1.45 

SodBfNa.Ol 1.44 

Tita&ic acid (TiO,) 07 

Loss on igoitioD 11.10 



The clay anthough red-burning, contains considerable organic 
matter and has to be fired very slowly in order to prevent swell- 
ing. It is also too gritty to be used for drain tile or common 
earthenware. 

Wausau, Marathon Co. Surronnding this town there are a 
number of shallow surface deposits of rather silty clay which 
are worked by several small yards for the manufacture of hand- 
molded common brick. The material is quite silty and is burned 
at a very low temperature. The character of this surface clay 
can be seen from the following test (Lab. No. 1110) made on a 
sample from Garske's yard north of Wausau. Water required, 
17.6; slaking, slow; plasticity, fur; grit, much, coarse; air 
shrinkage, 3.9. In burning it behaved as follows : 



Wet-molded bricklets: 
Cone 


010 

al. Bw. 

yellow brown 

13.65 


05 



yellow brown 

10.90 


1 












6.58 


Steel hard at cone 1. 
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The material makes a very fair common brick, although it is 
not very dense-bnrning, but still it ia much more so than the 
loess clays around La Crosse. A thicker deposit occurs on the 
property of H. Gerbseh located in the N. E. % of the S. W. ^4 
section 29. rangtf 7, and the section of the deposit shows: 



The properties of this nmb-rial (Lab. No. 1006) are: Water 
i-equired, 26.4 soluble salts, .31; slaking, slowly; plasticity, 
high; grit, some, coarse; air shrinkage, 7.7; average tensile 
stren<>th 299 pounds per square inch; mazimnm 386 pounds 
per square inch. The material will not stand rapid air drying. 
In burning it behaved as follows: 



Wptmoided brickleta; 
CoDa. 


010 



light rod 

4.54 


05 

medium ni 
12.40 


03 

5 

light brown 

4,23 


2 



















Drj-'press brick lets; 

K ire shrill kage 

Color 




This clay bums to a good color and should make a good com- 
mon briek, but it would probably work dry-press, although if 
molded by the latter metiiod it should be burned to at least 
cone 03. While its absorption at 2 is very low still it does not 
make a good vitriiied body. 

Tramway, Dnirn Co. Laminated glacial clays have been 
woT^ed at this locality to supply a large brick works. The bank 
here is about 16 feet high consisting of thinly-bedded clay un- 
derlain by sand, the former closely resembling the ctay at Me- 
nomonic. The section of the bank involves : 

Saod 4 ft 

Reddtah-yallQW clay S (t. 

Bluish clay 3 to 4 ft. 

Rod clay 4 to 5 ft. 

Sand 

11 

lir:,rdr,G00<^lc 
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A test of it (Lab. No. 1099) gave the foitowing results: 
Water required, 33; slaking, fast; plasticity, high; grit, little; 
air ahriakage, 9.3. Average tensile strength 267.2 pounds per 
square inch; maKimum 296 pounds per square inch. In burn- 
ing it behaved as follows : 



Wet molded brickl«ts; 


010 

1 

It. brown 

17.46 

03 


05 

5.7 

It. brown 

10.17 


03 

8.7 

dark bro'n 

.05 





























Steel hard at cone 03. 

Chemical composition. 

Silica (SiO.I 58.26 

Alumina (Al,0,) 15.12 

Fwric oxiiie (PejO,) 10.80 

Lime (CaO) 3.0* 

Hagneaia <14gO) 13 

Potaah (K.O) 1.87 

Soda (NajO) 1 .63 

Titanic acid (TiO,) 06 

Lou on ignition 8. S3 



ITaes, The clay is extensively used to make an excellent 
^rade of common brick which are molded in a soft-mud ma- 
chine and burned in scov« kilns. 

Mmwmcuiie, Dunn Co. Laminated glacial clays are worked 
by three different companies at this town. They are the Wis- 
consin Red Pressed Brick Co., the Excelsior Briek Co., aod the 
Menomonie Hydraulic Pressed Briek Co. The first two are 
soft-mud plants, while the latter operates both soft-mud and 
dry-presa machines. The general section of this region in- 
volves a siu'face loam whose thickness is usually from 5 to 6 
feet, overlying a laminated elay whose thickness is not less than 
50 feet. Their usual character can be obtained from the fol- 
lowing section shown in the bank of the Wisconsin Ked 
Pressed-Brick Co. 

Qravellj atripping 5 to 7 ft. 

Clay 3 to 6 ft. 

Sand 4 ft. 

Sandy elay 6 ft 

Sand 6 ft. 
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Or, ancptlLer Beotaon from the bank of tlie Exeelsior Brick Cotn- 
paiiy involved: 

Gharellr Mtd sandy stripping 6to Sft 

Z«minBt«d clay SS to 80 ft 

Yellow clay 8 to IS ft. 

These clays are all red-burning, of somewhat silty char- 
acter and adapted chiefly to the manufacture Qf eoft-mad 
common brick. The tmaterial used for dry-press brick is the 
sandy loam immediately underlying the surface on the hills near 
the works of the Menomonie Hydraulic Pressed-Brick Go. 
While the clays hum rapidly to a hard body and vitrify at a 
comparatively low temperature still the brittle character of the 
vitrified clay together with the fact that the points of vitrifi- 
cation and viscosity of the two clays are so close together 
prevents their being employed for the manufacture of paving 
brick. Some few vitrified brick are obtained from the arches 
of the kiln, but it would be impossible to bum a whole kiln full 
like these. The following tests will give a good idea of the 
physical characters of the deposits in this area. 



Finn 


Wisoonnn 
Pressed Brick 

Co. 
Bmiof bank 

1037 

.S6 

86.1 

moderately 

fast 

high 

son^^arse 

961.9 

an 

.7 
red 
IB.TO 

S 

red 
U.66 


Ezc«lrior 
Brick Co. 

Lover blue 

1038 

.16 

81.8 

moderately 

fast 

gu. 

8.7 
219 
8U 

1.6 
red 
16.M 

3 
red 

9.30 






Hyd.PreBMd 
BriokOo. 




beinKBoft 
mud brick 




.83 














SS.?!.^::::::::;:::::::::: 






3 9 


Average tensile strength 

Mazimam tensile strength. . . 

V7et-inolded briiddett— 
Cone 010: 


881 



Color 


yellow brown 


Cone 06: 




Color. 




AbMHDtion 


15.70 
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Cone 03; 


7.8 

dark red 

3.40 

Tia. 


8 
red 
X.90 

1.7 

dark red 

.70 

06 












Conel: 




















Cone 06: 
Fireihrinkage 


.66 

light browD 

16.69 























1037. The large brick cracked some when subjected to rapid 
drying. The clay gives a good hard body even at 010 but the 
color deepens too much if burned to cone 03 or above. 

1038. This brick cracks badly if dried rapidly but the clay 
makes a good red brick whose color is leas pronounced if burned 
above 05. It is not adapted for the manufacture of vitrified 
brick. 

1107. This clay gives a good common soft-mud brick or even 
dry-press body but if burned about cone 03 the color becomes 
rather deep. 

The chemical analysis of two of the above clays was as fol- 
lows: 

LaboratorrNo 1037 1038 

SiUca (SiO,) 66.46 60.20 

Alumina (Al^,) 11.38 14. 4B 

Ferric oxide (Fe.O,) 6 40 8.70 

Lime (Cap) 3.06 2.84 

Magnesia (MgO) 1.63 2.40 

Potaah (K.O) 3.54 4.60 

Soda(Na.O) 98 .63 

Titanic acid ITiO,") 07 .03 

LosB on ignition B.35 6.73 

Total 99.77 100.46 

Total fiuiea 14.61 18.97 

St. Croix Faltg, Polk Co. A sandy surface clay has been 
opened up at the brick yard of August Dombmck three miles 
east of St. Croix Falls. It is a laminated red glacial clay 8 feet 
thick and the more plastic swamp day has to be mixed with it to 
make a good brick. The clay bums to a good cherry-red color 
and is molded by the soft-mud process. 
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Chippewa FaUs, Chippewa Co. While the Burface material 
throughout this i^ion is mostly sand, still here and there, 
especially in the hollows, there are surface depoffito of siliceous 
clay which are adapted to the manufacture of common brick, 
but are not sufficiently fine grained to make drain tile or com- 
mon red earthenware. These are at present being worked at 
two yards namely those of the Chippewa Palls Brick Co, and 
Thierault's yard. The properties of these two were as follows: 



Firm.. 



Material 

Ijabontoi7 No. , , 
Water required . . 

Plaaticitr 

Grit 

Air abrlnkage.... 



Wet-molded brickleta— 
CooeOlO: 
Fire abrinfcage . , . . 

Color 

Absorption 



Cods 06; 
Fire ahrinkage . 

Color 

AbflorptioD 

Cone 03.' 
Fire Bhiinkage . 

Color 

Absorption 

Cone 1: 
Fire shriDkage . 

Color 

Absorption 

Cone 2: 
Fire shrinkage . 

Color 

Absorption 



Steel hard at o 



Chippewa Briotc 
M(k. Co. 
Brick clay 

iim 

26.1 
good 



G.l 



light red 
15.76 



Thi«rault'a 

Brick miitore 
1170 
23.1 



Steel hard at cone 1. 

1029. This clay gives a fairly good body even at cone 010 
and burned very bard at cone 1, but its fire shrinkage at this 
point is rather high. The color of the clay is also bri^t up to 
05 but deepens considerably above this. 
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No. 1179 is similar to 1029, bat has a lower fire shrinkage. 

At both yards the clay is used for making soft-iQtid briek and 
is burned in scove kilns. 

Whittlesey, Taylor Co. The Langenberg Brick Co. has a yard 
at this locality which is 5 miles north of Medford. The material 
(Lab. No. 1048) is a silty surface clay found on both sides of a 
small stream, and is probably not more tlian 8 feet in thickness, 
but only the upper 5 feet are used. 

Its physical properiaea are as follows: Water required, 27.5; 
plasticity, good ; grit, some, coarse ; air shrinkage, 6.9. In burn- 
ing it behaved as follows: 



Wet-molded bricUeto: 


010 


06 

2.3 

darkrad 

8.68 


03 

6.7 

dark red 

B.TO 








cSor7'.r!v. .':."'. ;;;■.:.'.':: 


dark red 






BtmlhudRtcoiwOS. 





Steel hard at cone 03. 

This is an excellent common-brick clay and gives a good red 
brick even at cone 010, but the color deepens considerably at 03. 
At cone 1 the body is nearly vitrified but the material is too 
sil^ to make a paving brick. 

Uses. It is employed at the present time for making com- 
mon brick which are molded in a soft-mud machine or a Swords 
machine the former giving much better results. The brick are 
dried on pallets and burned in scove kilns. 

Merrill, Lincoln Co. There are two small yards in operation 
about two miles south of town one of these being run by 
P. Myers and the other by A. Boeteher. The clays are both 
silty surface clays which are dug to a depth of about two feet. 
That at Myers' yard (Lab. No. 1135) slakes moderately fast 
and works up with 20.9 per cent water to a mass of feir plas- 
ticity containing much silt, and whose air shrinkage is 3.7 In 
burning it behaved as follows: 





010 

al.aw. 

brownish yellow 

16.0* 


06 



yellow brovm 

14.98 




PirBihrinkam 


1.6 
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Tlie day bums to a good red color even at cone 010 but it 
does not yield a very dense brick. 

SehuWs Spur. This point is located alcmg the St. Paul Bail- 
road north ot Merrill and the clay bank is east of the track. 
The deposit is known to run about 17 feet deep and is underlain 
by sand. For molding the run of the bank is used. The clay 
(Lab. No. 1146) which is rather silty and of low plasticity 
works up with 17,6 per cent of water to a mass whose air shrink- 
age is 7.1. The average tensile strength is 272 pounds per 
square inch with a maximum of 305 pounds per square inch. 
In burning it behaved as follows : 



Wet-molded brickleta: 
Cone 


010 

B1.IW. 

browDiah 

yellow 
14 


05 



red brown 

1S.33 


08 

.6 
light buff 

10.80 




Fire ahriakage 

Color 


6 











It bums steel hard at cone 1. 

Uses. This is an excellent common-brick clay but should be 
burned to at least 010 in order to give a strong product. It 
is employed for making common brick. 

Superior, Douglas Co. Surrounding this town is an ^tensive 
deposit of red clay containing many scattered lime pebbles. 
Attempts have been made to work it, but these have been mostly 
without success, it being claimed that the lime pebbles in the 
material rendered it impossible to produce a good grade of 
brick. The clay is very dense and plastic and occurs at no great 
depth below the surface, being thrown out from almost every 
cellar or other excavation. One sample of this {Lab. No. 1180) 
was tested from the city of Superior with Uie following results: 
It woAed up with 32.5 per cent of water which is much higher 
than that required by most other clays in the state and de- 
veloped a highly plastic maaa with some coarse grit. Its air 
shrinkage was 10.5 per cent. The average tensile strength was 
about 200 pounds per square inch but it was very difficult to get 
briquettes free from flaws on account of the tendency of the ma- 
terial to crack in air drying. The wet-molded bricklets in burn- 
ing behaved as follows: 
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Cono 


010 

.3 

pinkiab 

ig.53 


06 

3 

pinkbh 

12.18 


03 

8.6 

red browD 

.80 








Color 













Tile elay shows a tendency to crack badly in air drying and 
even in burning and on this account it was worked with difiiculty 
if used alone and molded either by the stiff or soft-mud process. 
It bums steel hard at cone 05 and is of low fusibility. If it is 
used for brick making it should be worked preferably on a stiff- 
mud machine, and even then it should be burned to a tempera- 
ture of not less than cone 05, 

Judging frcpjn the bricks that are to be seen in some of the 
old buildings in Superior the clay when formerly used was prob- 
ably not burned at as high a temperature even as cone 010. 

The chemical analysis of the material gave : 

SllicaOiO.) H.36 

Alumina (AI.O,) 13.40 

Ferric oxide (Fe.O.) 7.97 

Limo(CaO) 3 50 

M&gneaia (MgO) 1 . 23 

Potaah (K,0} 2,16 

Soda(Na,0) 1.53 

Titanic acid (TiO,) 07 

Loea OD iKnitioii 16.17 

Total 100.39 

Total flaxes 36.30 

Discussion of physical tests of red-burning surface clays. The 
clays of this group are usually surface deposits, ranging from 
average to high grittiness. Omng to their gritty character they 
usually slake fast. Their plasticity is variable^ but the majority 
ere from good to highly plastic. The water required for mixing 
ranged from 13.2 per cent to 34.1 per cent in 61 samples, 
with an average of 23.2 per cent, but in the majority it was 
under 25 per cent. 

There was a corresponding variation in air shrinkage from 3.1 
per cent to 10.5 per cent, with an average of 6.04 per cent. The 
variation in air shrinkage was greater in this class than any 
others. 

The tensile strength of 20 representative samples was tested, 
and ranged from 75,3 pounds per square inch to 327 pounds 
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per square inch with an average of 249.2 pounds per square ineh. 
This seems to be a lar^ variation and it should be stated that 
18 of the 20 tested had a strength of 200 pounds or over. 

Nearly all the clays of this group burned to a red or red- 
brown color, of varying degrees of intensity. At cone 010 
most of them showed little or no fire shrinkage and some even 
swelled slightly. Only one was 8tee> hard. The absorption 
ranged from 11.23 to 54.34 pert cent, the majority however 
falling below 18 per cent. 

At cone 05 there was a slight increase in the shrinkages, those 
from Menomonie and Tramway showing the highest. The 
colors in most cases were slightly deeper than at cone 010. The 
absorption range was less running from 3 to 29.78 per cent. 
The decrease in absorption from cone 010 to cone 05 was slight 
in most of the samples tested, the greatest change being noted in 
the fine grained more easily fusible ones. At cone 03 the ab- 
sorption ranged from .05 to 28.40 per cent, but one-half of the 
clays absorbed less than 1 per cent. The fire shrinkage of most 
of the samples was still small. 

At cone 1 the absorption in most cases was quite low, and the 
fire shrinkage low or moderate. A number of the clays had 
become steel hard, but a few such as those from Menomonie 
were nearly viscous. The majority, however, did not become 
viscous until at least cone 3. 

Most of the clays of this group bum to a good brick at cone 
010. As compared with the reudual clays, they are usually 
more refractory, but do not give a much denser body at the 
lower cones. Comparing them with the cream-burning calcare- 
ous clays, we find that they do not show as much tendency to 
swell above cone 010, are denser burning, harder in firing at a 
lower cone, and show about the same range of viscosity. 

The chemical analyses show that the clays of this subgroup 
are with few exceptions rather siliceous, and sometimes rather 
high in alkalies. That from Iron Bidge is low in ralica and 
high in lime and magnesia but still there is also a high iron per- 
centage and consequently the clay bums more of a brown than 
a bufE. 
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III. White-bubkinq clats of repeactobt chabacteb. De- 
poaitfi of a white-baming elay have in the past been wo^ed 
in the region north of Hersey. The clay found there is strati- 
fled, and contains more on less sand which has to be removed 
from it by washing. The washed product has be^i sold chiefly 
for use in paper manufacture. The washing plants which were 
at one time built near Hersey and also Qlenwood have been dis- 
mantled aod the pits have washed in so that no information was 
obtainable concerning the character of the clay. The beds, how- 
ever, have been dese^bed in some detail in Dr. Buckley's 
bulletin.* 

In the event of new deposits being discovered in this region, 
it will be of interest and valne to know that the teats which have 
been made on the washed clay from this locality show that it 
can be used for white earthenware manufacture with simply the 
addition of flint and feldspar, ball clay being unnecessary. The 
Hersey washed clay is also quite refractory its fusing point be- 
ing the same as that of cone 32, 

The crude clay contains much fine silt which it is difBcult to 
eliminate even by washing. 

Eaolina in the central residual area. Rnmors have been cir- 
culated from time to time regarding the existence of kaolin 
deposits in the residual clay belt, and during the course of the 
field work every reasonable effort was made to find such de- 
posits if they existed. Only two were heard of. One of these 
was a pit near South CentraJia which was woi^ed a number of 
years ago for fire clay to supply foundries, and is now exhausted. 

The other lies about 6 miles east of Eau Claire where in an 
artificial cut a vein of whitish clay about 6 feet wide was seen. 
Samples taken from this showed that it is not white-bumii^ even 
at low temperatures, but fires to a grayish brown body. The 
deposit, aside from this, is of too small size to be of any economic 
value. 

IV. SUP CLATS. 

IV. Slip Clats. Under this heading are included easily fus- 
ible clays, which are used for glazing, and applied by mixing the 
clay with sufficient water to give the mixture a crean^ consist- 

•BuH. VII, Wift Geol. ft Nat HUt. Surv., p. 234. 
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eoey and either dipping the ware in this, or spraying the slip <m 
its surface. A slip clay* should be fine grained, with a low 
shrinkage and must matnre as little above 2250° F. as possible. 
The proportion of lime and magnesia must be high, ranging 
from 6-12 per cent. The iron oxide content should be snfB- 
cient to produce a brown color, viz. 5-7 per cent. A high 
alkali content is also essential to promote fusion. The follow- 
ing are analyses of several slip clays mined in the United 
States. 



Albanv, 



Silica (SiO.l 

Alumina (Al.O,) 

Ferric oxide (Fe,0,) ... 

Lime(CaO) 

MagDesia (MgO) 

Potash {K,0) 

Soda (Na.O) 

Manganeae (MnO) 

Water (H,0) 

Moiat and carbonic acid. 
Phosphoric acid (P.O.) , 



66.60 

u.ao 

5.80 
6.70 



13.67 
7.77 
2.55 
1.47 
3.63 



The moleoolar formula of each of these is as follows: 

1. .158 K,0 
.079 Na.O 
.469 GaO 
.286 MkO 
.009 MqO j 



)K.O 1 

{Na,0 I .3UA1,0, UiiwHi 

MgO J 

)K,0 ■) 

SNa.O I 1.343 Al.O, 1 in -,n 

6ao r .mFt>,oli^°-^^^ 

MgO J 



Wisconsin slip days. Among the Wisconsin clays tested there 
were found several of sufficiently low fusibility to use as a slip, 
which are mentioned below. 

•Willian». Iowa Geol. Survey, Vol. XIV, p. 22B, 1904. 
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1. BorlineitOD. (Lab. No. 1051.) This representii the 
lower blue clay from the Barlington Brick and Tile WoAs. It 
is a fine-grained calcareous clay whose composition ifl. 

micA (SiO.) «.66 

Alumina (Al.O.) 14.81 

Ferric osid«(Pe,0,) 6.69 

lametOaO) 9.38 

MagiiMU(MgO) 4.7S 



PotMli(K.O) 5.T 

BodftfNa.O) .,_.._. 92 



This corresponds to a formola of 



.-491 Cab 
.SMUgO 



At cone 5 it gives a brownish-yellow dip. 

2. Kenosha. The upper elay at W. J. Craney'a yard was 
also tried. This has a composition of 

Silica (SiO.) 38.62 

Alumina (Al,0,) 8.75 

Ferric oxide (Pe.O,) 8.82 

Lime(OaO) 14.04 

Maeneaia (HgO) 6.27 

"■ " TCjm s.ee 



Fotaih (K.G^. 
Soda (Na.O).. 
Titanic acid (TiO,)., 



Total 99.60 

Its formula woold be 

.063 K,0 
.031 Na,0 
.556 CaO 
.347 HgO 

This gives an olive-colored glaze but not a very smooth one, 
aa the clay appears to be too silty. 

3. Green Bay. A sample of clay from Eiserman's yard 
burned at cone 6 gave a deep brown glaze when applied thick 
and a yellowish-brown one in thin coats. 

4. At ShelK^gan, there is a thin bed of red clay, overlying 
the cream-burning clay at the 0. Zimbal Brick Co.'s yard, 
whose chemical composition is 
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BiUoaffflO,) 6».S> 

Aluranla (Al.O,) 16.66 

Perrioorldo (Fe.O,) 7.71 

Iiim«(C»0) 96 

HacDsaU (MgO) 58 

R>tMh (K,Ol S.78 

Sodm {N»,0) l.H 

Titsnio Acid (no.) 08 

Ignition 10.83 

Totmi ". iiw.oe 



The formnlA for this is 

.321 K,0 
.343 Na,0 
.18S CaO 
.143 MgO 



5. Medford. The residnal day derived from the dlorite at 
this locality (See p. 131) analyzed. 

Silica(SiO,) *6.es 

Alumim (A1,0,) 18.90 

Pftrric orida (P6,0,) IB.OO 

Lim8<C»0) 86 

Hagnealft (MgO) 39 

PotMh(K,Oj 7.66 

Soaa{Na,0) 1.70 

Titanic acid (TiO,) 08 

Ignition 6.65 

Total 99.61 



This analysis would give the following formula: 

.619 K,0 
.006 Na.O 
.116 Cab 
.061 MgO 



At eone 1 it gives a deep red, doll matte-like glaze, but does 
not yield a good glaze &t higher cones. 

6. Platteville. Underlying the oil rock at the Capitola 
Mine locality there ia a three-foot layer of soft grayish-gray 
shale of low fusibility. Its c<HnpoeitioD as determined by R. 0. 
Benner on two separate samples was as follows: 
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Silica (SiO.) 59.§0 60.36 

Alumina (A1,0, ) 18. 13 18.21 

Ferric oxide (Fo.O.) 2.57 4.11 

Lime (C«0) 1.80 .36 

Maftneeia (MgO) 66 .13 

Potaali (K.O) 10.27 9.84 

Soda (Kb,0) 71 1 .38 

Titanic acid (TiO,) 12 .06 

IgoitioD 6.56 r>.fl7 

Total 100.62 100.42 

Total fluxea 16.01 15.82 



The molecular formulie are : 



.645 K.O 
,067 Na,0 
.189 CaO 
.097 MgO 



.766 K.O 
.162 Na,0 
.046 CaO 
.023 MgO 
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CHAPTER V. 



TESTS OF WISCONSIN BRICKS. 

In Older to tt-bt the qualities of the bricks made in WisconBia, 
B nmiiber of samples were collected from differeDt localities, 
ninety-one in ail. Ten bricks were collected from, each locality, 
normally burned ones being selected as far as possible, either 
from the kiln or the stock pile. In a few inRtanees underbumed 
or hard-burned bricks were taken in addition to tlie normally 
burned ones. 

The samples thus selected were shipped to the University of 
Wisconsin at Madison, and tested in the Engineering Laboratory 
by ileaars. C. V. Hopper and L. F. Van Hagen. 

Each set of bricks was tested for (1) its crushing stroigth; 
{'2) its trans[\'erse strength, and (3) its alworption. In every 
case 5 bricks were crushed in order to give a reliable average, 
and the results are given in detail in the table on p. 193. Each 
manufacturer has been furnished with a copy of the test made 
on his own brick, although in this report no names are published 
in connection with these (cats. 

EXPL.VNATION OP TESTS. 

(Jriisuing Test. This test was made for the purpose of deter- 
mining the number of potmds pressure per square inch that the 
brick will stand without crushing. The strength will naturally 
vary with the density of the bric^, degree of hardnew to viiieb, 
it has been burned, character of the raw material, and amount of 
care taken in the manufacture. 

Few bricks show a crushing strength of less than 2.000 lbs. 
ptT square inch, while some even exceed 15,000 IbsL per square 
inch, hilt none of the Wisconmn bricks reached the higher limit 
and few fell below the lower one. As a matter of fact, how- 
ever, bricks when set in a wall are seldom compelled to stand the 
weight they are capable of resisting. 
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The teat to determine a brick's cmahing strengtli is commonlT' 
made in a specially constmcted machine. Half bricks are usu- 
ally tested, because a whole brick has so large a surface area 
that it sometimes resists a greater load than the machine is 
capable of supplying. Before crushing, the tvo opposite sur- 
faces of the brick (in this case the top and bottom) must either 
be ground perfectly smooth and parallel, or else they must be 
built up to this condition by the application of a layer of plaster 
of paris. The reasoo for this is that in the testing machine the 
bri(^ is set between two sted surfaces, and unless its surface 
fits perfectly against these, the pressure wiU not be evenly dis- 
tributed. 

Before crushing, the area of the brick 's surface is measured, 
and, the total load necessary to crush the brick, divided by this 
area, gives the crushing strength in pounds per square inch. 

Tkansvbbsb Stbbnqth. This is more in^wrtant even than the 
cradling strength, for while a bridk is rarely loaded to its crash- 
ing limit, it is sometimes exposed to its limit of elasticity and 
cracked. 

In the cross-breaking test a whole brick was placed on two 
rounded knife-edge bearings 6 inches apart. Pressure was then 
^>plied from above, until the brick broke in two and the num- 
ber of pounds pressure at which this occurred noted. It is 
evident that in two bricks of exactly the same degree of strragth 
the amount of pressure necessary to break them will depend upon 
the distance between iJie supports and the cross section of the 
brick. The farther apart the supports the less pressure nece»- 
saiy. Since this is so, it is necessary that for purposes of com- 
parisML all retmlts of the breaking strength shall be reduced to 
some uniform expression which shall take aeoount of the differ- 
ences of length, width and thickness of the brick. The most 
accurate expresnon is that termed the moduttu of rupture, wtaioh 
is calculated from the following formula. 
8 Wl 

R=a bh, 

in which R=Modulus of Rupture 

W'^Pressure necessary to break the brick 

1 —Distance between the supporting knife edges 

b =Breadth of the brick 

h "-Thickness of the brick 
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This means, that three tunes the preesare in ponnda nLoltiplied 
by the distance between. the supports, is divided by twice the 
breadth of the brick multiplied by the aqiiare of the thickness. 
If the pr^sure necessary to break a bri<^ was 1,500 pounds, dis- 
tance between aapports 6 inches, widtJi of brick 4 inches and 
thickness 2 incbea, tiie modulus of rupture would be calculated 
as follows: 

Absobption Test. An absorption test is made for determining 
bow much water a brick is capable of absorbing. This indicates 
approximately the degree of porosity which it possesses. Vitri- 
fied brick are impervious or nearly bo, and absorb little or no 
water, while many common brick may absorb 15 or 20 per cent 
and some of the Wisconsin ones absorbed over 30 per cent. It 
is easily onderatood that if a brick of high porosity is exposed 
to a freezing temperature when its pores are filled with water, 
the expansion of the latter, when changing to ice, may be suffi- 
cient to disrupt the brick, either after one freezing, or after re- 
peated freezings following periods of thawing. A moderate or 
low absorption is therefore desirable. 

The absorption test was made on half brick which were care- 
fully dried, weighed, soaked for 48 hours in water, and weighed 
again, the increase in weight showing the amount of water ab- 
sorbed The percentage of absorption was calculated in terms 
of the original or dry weight 

Objections have been urged by some to this method of de- 
termining the absorptive power of a brick, it being claimed 
that the pores of the brick do not become completely filled 
with water, and that a better way is to place the brick in a 
vacuum while it ie immersed. In making absorption testa we 
ahould not forget that we are trying to duplicate as nearly as 
possible the conditions to which the brick will be exposed 
when in aetud use. Under such conditions a brick is not ex- 
posed to a vacuum, but absorbs moisture while exposed to or- 
dinary atmospheric pressure, and consequently by the vacuum 
method we are forcing the brick to absorb much more water 
than it would when in use, and are obtaining results of com- 
paratively little practical value. 
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The writer does not feel either that the total immersion of 
the brick 18 the best way of testing its absorption, but that 
parti^ immersion will yield the most satisfactory resolto. 
With this last mentioned method the briok is immersed to per- 
haps two thirds its depth in water, which allows the liqnid to 
be drawn into the pores by capillarity while the air in the 
interspaces of the brick can readily escape. 

In testing the Wisconsin bricks the absorption by all three 
methods was tried, and the results of this are given below : 
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In this table column II represents the average percentage of 
absorption obtained hy immersing two halt forick in water for 
48 honiB. 

Two other half brick from, the same lot were immersed to 
half their depth in water. At the end of 4 honrs these were 
taken oat and the gain in weight noted, the percentage of ab- 
sorption determined from this being given in the column TTI. 
These two samples were put back into the water and allowed 
to remain 44 hours longer, their absorption being again de- 
termined, and the results given in column IV. It was found 
that in nearly every case, the bricks, at the end of 4 hours had 
absorbed over 90 per cent, of the total quantity they were 
capable of absorbing after 48 hours of partial immersion, and 
these percentages are given in column Y. The method of 
manufacture and degree of density of the brick, did not ap- 
pear to affect the result in any way whatever. The percent- 
ages given in columns 11 and IV agree quite closely in most 
cases, although in a few instances they are dightly different, 
which might be due id part at least to lack of uniformity in the 
product. 

A third pair of half brick were completely immersed in 
water under a vacuum, so that all the air could be extracted 
from the pores and the brick t^ccome completely saturated. 
By this means a greatly increased absorption was obtained, the 
average percentage of which is given in column VI, The per 
cent gain over the alraorption obtained in column 11 is given 
in column VII, and it will be seen that it ranges from 2.3 to 
69.6 per cent. 

In the accompanying table the details of the crushing, trans- 
verse, and absorption tests are givwi, and for greater eleameoi 
they are given in condensed form in the diagrams, Plates 
XVI, XVIa, XVn, and XVIII. 

In these diagrams the results are expressed in somewhat 
different form from that usually adopted, and I take pleasure 
in here acknowledging that this has been done in accordance 
with a suggestion from Dr. £. A. Birge. In these diagrams 
the laboratory number of the brick is given at the bottom and 
the number of pounds at the side. For each brick a black 
vertical line is drawn, whose upper «id is opposite the number 
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of poonda r^reeenting its crushing strengtli, while the lower 
end is opposite the nnmber of pounds representing its modoloB 
of rupttire. This method of plotting the results brings out more 
clearly the results obtained, and at the same time shows that tiie 
individual sets tested are not related to each other, as might 
be supposed if all the cmsfaing points and rupture points were 
connected by a line. 

The absorption percentages are given on a separate diagram 
accompanying the erashing and transverse tests. 



DISCUSSION OF TESTS ON BBIOK. 

Crushing strength. The crushing strength of the Wisconsin 
brick tested ranged from 993 lbs. per square inch up to 7060 
lbs. per square inch. 

The range of strength in the several classes ia as follows : 



Kiod. 


Minimum. 


Uazimum. 


Avflrage. 




1.074 

1,304 

993 


6,838 
7,060 
5,K>8 




StiSmud 


4,244 


DrjpreaB 


3,406 



This indicates tiiat the average crushing strength of all the 
stiff-mud and the dry-press bricks made in Wisconsin is higher 
than the average of the softr-mud bricks. Anyone not ac- 
quainted with the character of the clays used might perhspi 
ascribe this to the process rather than the material. 

The tme explanation seems to the writer to be this. Moat 
of the stiff-mnd brick manufactured in Wisconsin are made 
from cream-homing clays. These in moat cases have to be 
fired much harder to get a good brick than do the red-burning 
ones. Consequently the manufacturers of cream brick fire 
their product as hard as possible, while the red-brick mana- 
factureiB knowing that their clays fire easily, do not take the 
trouble to fire them hard. 

Tr<mavene strength. The transverse strength of all kinds 
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of Wiaconsiu clay brick tested ranged from 157 Itw. to 1027 
lbs- Classified by kinds the range was as foUowa 



Kind. 


MiDimum. 


Maximnm. 


Avenge. 




157 
256 


1,438 
l,8t)l 

7oa 










513 







Here the order is found to be a little different than in the 
case of crashing strength, the stiff-mud brick showing the 
highest average, followed by Uie soft-mud and these by the 
dry-press brick. 

Absorption. The percentage of abmrption in the different 
bricks when tested by complete immersion for 48 hours ranged 
from 5.8 per cent to 34.30 per cent. Classified by kinds it was 
as follows: 



Kind. 


Mlnimuin. 


MdjiEnum. 


AveraK». 




5.80 
13.06 
12.90 


28 20 
Si 30 
33.36 








I>n' press 


21.47 



Here tiie order is again different. The soft-mud brick show- 
ing the minimum absorption as well as the lowest average ab- 
Borption, while the stiff-mud showed the maximum absorption 
and nearly the highest average absorption. That of the stiff- 
mud and dry-press bricks is so high because they are made 
from calcareous clays. 

CONCLUSIONS DBDUCIBLB FROH THE DIFFEBENT TESTS. 

1, The stiff-mud brick show the highest crushing strength 
because of the dense-burning character of the material used at 
most of the Wisconadn yards. 

The minimum strength shown by the stiff-mud series falls 
considerably below the maximum crushing strength of either 
the soft-mnd or dry-presa bricks tested, so that the ranges of 
strengths shown by these classes overlap. 

2. There is no direct relation between the crushing and 
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tranaverse strength, a brick with a high cmshing strength 
showing sometimes either a low or high transverse strength 
or vice versa. The following figures illustrate this : 



lAb. No. 


Kind. 


ATwage 
d-iwhing 
atreDgth. 


Average 
modulus ot 
rupture. 


sao 




1,192 
4,672 
3,036 
5,796 
1,640 
2,708 
S,231 
4;»B6 
1,6« 
6,110 
i;i92 
1,672 














1,063 
1,063 
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B60 






1,097 






e» 




6f'8 


ao&A. 




2,190 






U4 




669 









There are instances to be sore in which two bricks of nearly 
equal crushing strength will show closely similar transverse 
strengths. Thus 



Ub. No. 


Kind. 


Arerage 


AyerBge 
nioduloa of 
rupture. 


aia 




6,230 
6,260 

















3. The percentage of absorption is not necessarily an index 
of either the crushing or transverse strength of the brick. This 
is well brought out by the following examples selected from 
the tables of testa 



r«b. No. 


Kind. 


CnutiiDg 
■treogth. 


Modulus 
of rupture. 


Percentage 
absorption. 




Stiff mud.... 
Stiff mud.... 
Stiff mud.... 

softS.:;; 

Soft mud.... 
Soft mud.... 


6,230 
6,110 
1,6*0 
2,70* 
4,572 
5,796 
2,388 


064 
2,190 
588 
431 
669 
1,062 
589 




90DA 
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4. Harder bnmin^ will increase both the cnuhing and 
transTerse strength thus: 



Lab. No. 


Kind. 


CrushiDg 
stress: 


ModnlVf 

of ruptcts. 


906S 


p 


993.3 
1.996.6 

1,500 
1,S5S.Q 


/B6 


soaH 






SS. 










1,311. G 







5. An interesting comparison is afforded b^ Nos. 143 and 



Lab. No. 


Kind. 


CmehiDg 
Btrongth. 


Modulus of 
ruptnra. 


Pwcent 
KbsorptioD. 


«3 

90 


Stiff mud . . . 
Dry piWB . . . 


4596 
2704 


749 
431.8 


20 55 







Here we have two bricks, made from practically the same 
clay, and bnmed at the same cone but molded by different meUi- 
ods. If the dry-press brick were harder burned it would no 
doubt show up better. Additional examples are given below 
the first two being from Sfilwaukee, the other two from Ba- 



Lab. No. 


Kind. 


Crushing 
atnngth. 


Modulus of 
rupture. 


Percent 
abaorptioD. 


aosH 

80 


Dry press.. . 
Stflfmud.... 
Stiff mud.. . 
Soft mud.... 


1,996.6 
3,380 
6,250 
3,452 


'469.6 
1,03* 
9164 
893.1 


33.36 















6. The transrerse strength is often, and in fact almost in- 
variably affected by the presence of pebbles, lumps of clay, or 
cavities, and whenever one of a series tested shows a low trauft- 
Terse break it can in nearly every instance be traced to this 
eanse (PI. XIX, Pig. 1 & 2). 

7. The crushing strength is less easily affected by the flaws 
mentioned above. 
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REPORT OF PRACTICAL TESTS ON WISCONSIN CLAYS. 

After the completion of the laboratory work on the Wiacon- 
sin clays, some Urge samples were collected from several local- 
ities and ^pped to a brick works for a practical test. 

The samples collected were : 

1. Yellow, partially weathered Maquoketa shale from Leslie, 
Lafayette county. 

2. Loess clay from PlatteviUe, Grant county. 

3. Brownish surface clay from Leslie, Lafayette county. 

4. Shaly clay from the Richardson farm near Menillan, Jack- 
son county. 

5. Shaly day from the Davidson farm near MerriUan, Jack- 
son comity. 

6. Red residaal clay from Pittsville, Brown county, 

7- Residual clay from Black River Falls Brick Works, north- 
east of Black River Falls, Jackson county. 

These samples were collected by Dr. Weidman, of the Wiscon- 
sin Geological Survey, in the spring of 1905, and shipped to the 
Onondaga Vitrified Brick Co., at Warners, N. Y,, where the 
te^ were made under the supervision of J. H. Mead, Supt. The 
facts and opinions reported are lai^ly his. 

As a preliminary explanation it should be stated that the clays 
with one exception (No. 7) were prepared in a pngmill, and No. 
1 in dry pan. The molding was done in a side cut auger ms- 
chine, and drying in tunnels constructed with flues underneath, 
and heated by fires built at the discharge end. The bricks were 
all bamed in round downdraft kilns, the temperature unless 
otherwise stated. being equivalent to the melting point of cone 1. 

Details of tests. — Yellowish, slightly-weathered Maquoketa 
shale. This material after being ground up in a dry pan, pu^^ 
up nicely with water, and flowed easily through the die, requir- 
ing very little lubrication. It went through the drier in 24 houiti, 
without showing any signs of cracking, and with the loss of 24 
per cent of moisture. It had a linear air shrinkage of 3.2 per 
cent. When burned to cone 1, the brick were hard but the color 
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poor. This is caoBidered the least promising of the entire lot 
tested. 

The same material was tempered thoroughly in the same man- 
ner and then pat through a hollow brick die. It molded with- 
out any tendency to tear, and dried in 24 hours without crack- 
ing. On boming it yielded a good hard product, but not a very 
nice colored one. Color, however, is not a matter of great im- 
portance in fire-proofing. 

Shale-Loess mixture. A mixture of the Leslie yellow Maquo- 
keta shale, and the Platteviile loess was next tried, 50 per cent 
of each being taken. This also worked well on the auger ma- 
chine, dried in 24 hours without cracking, and lost 26 per ceat 
of water. 

At cone 1 the product was hard, and would probably vitrify 
under cone 2. The air shrinkage was 4.8 per cent and the fire- 
ahriukage 3.2 per cent making a total of 8 per cent Mr. Mead 
believes that this sample will make a fair paving brick. Care 
should be taken however not to use any stony material. 

A sample of PlattevtUe Loess alone was next tried, and found 
to temper easily and fiow readily through the die. It dried in 
24 houra with a loss of 30 per cent moisture and without any in- 
jury to the brick. This burned to a good hard brick of excellent 
color, and mixed with some of the thoroughly weathered Maquo- 
keta shale, might perhaps be employed for making a paving brick 
for light traffic. Its air shiiiikage was 4.8' per cent and its fire 
shrinkage 4.7. 

Sample from Bickardson farm, MerrHlan. The sample col- 
lected was much more sandy than that collected for the labora- 
tory work, and was not allogether satisfactory. It Contained 
many small lumps of soft sandstone which would have to be 
crushed. On account of its sandy character the material is lean, 
and very wearing on the die, but it dries easily, and bums to a 
hard product of excellent color. 

Sample from Davidson farm, near MerriUan, This material 
was very similar to the preceding one but behaved better, flowing 
more smoothly through the die, and having greater plasticity. 
At the same time it is more stony than is desirable. It w^ 
through the driers in 24 hours without craddng and lost 28 per 
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cent moisture. It burned to a hard red body, but needs thon»^ 
preparation before tempering. 

Clay from PittsviUe. This clay with proper puling ia well 
adapted to working^ in a stifF-mud machine, for it had good plas- 
ticity. It dries in 24 hours without trouble, losing 22 per cent 
moisture, and at cone i is nearly vitrified. Its air shrinkage was 
4 per cent and its fire shrinkage 5 per cent. This clay bums a fine 
color and makes a good hard body. 

MerrQlan skahf day. This is the material which has been 
used for common brick manufaeture, and which Mr. Mead re- 
gards as the best perhaps of the entire series tested. It worked 
up well in the auger machine and dried without cracking, losing 
22 per cent of moisture. It burned to an excellent hard product 
and at cone 2 has hut 4.7 per cent absorption. Its air shrinkage 
was 3 per cent and fire shrinkage 4 per cent at cone 2. 

The results obtained as given above may be summarized as 
follows : 

All of the samples 'tested gave an excellent hard product at 
cone 1. For paving purposes it would be necessaiy to repress 
them. The majority should have thorou^ preparation to re- 
duce or remove any stony matter that may be present. All show 
a low air and fire shrinkage. The Mlaqnoketa shales are adapted 
to the manufacture of fire proofing. 
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CHAPTER VI. 



FUTURE TENDENCY OF THE WISCONSIN CLAY- 
WORKING INDUSTRTf. 

A most pertinent question is "Wliat can be expected of Hie 
Wisconsin clays in the future I" 

Common brick will no doubt continue to be the most important 
product as they are now, but their production should grow 
steadily, and the successful growth of this branch of the indus- 
try, will depend largely on the establishment of lai^ plants 
which can be operated economically and supplied by clays sus- 
ceptible of rapid and easy treatment. It is probable that the w- 
tuarine clays will give better results than the lake clays. 

Pressed brick are now made in limited quantities in Wiscon- 
sin, but since it has been pointed out that many of the red-bam- 
ing and calcareous days are adapted to this class of products, 
it is reasonable, to suppose that their manufacture will expand. 

Drain tile and common red earthenware can eanly be made 
from many of the smoother estuarine or lake clays, and even from 
the mellowed Maquoketa shale, but mast of the other clays in the 
state are too gritty for this line of work. 

Paving brick are not made at all in Wisconsin. 

Some manufacturers of cream brick point to a few vitrified 
bricks obtained in the arches of their kilns as evidence that tiie 
day is utilizable for paving products, but this is a mktake, as 
it would be impossible to bring a kiln full of such clay to vitri- 
fication. There ore however, hard, dense-burning clays in the 
reddual area which give great promise of producing a hard 
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dense brick sofScientiy durable for paving porpoees in Bmall 
cities, and the use of these elayB from Merrillan, Halcyon, and 
Pittsrille is sa^ested for this porpose. 

Although ihe possibility of using certain clays for pavers 
seems good, the writer does not feel warranted in reeonunending 
any of the Wisconsin clays for sewer-pipe or stoneware manu- 
facture. 

fire proofing and hollow brick could without doubt be made 
from the mellowed Maqutdieta shales, and their location is such 
that they could be easily shipped to markets in both WiscouEan 
and Minnesota. To the south they would come into serious and 
probably unsuccessful competition with wares from other states. 
Nor should we lose sight of the fact that even in 'Wisconon th^ 
most compete with material from Ohio and Illinois. 

It is probable that the finer grained Wisconsin clays, as well 
as the slip clays will be in some demand in the future, the for- 
mer by makers of art pottery, the latter by manufacturers of 
terra cotta, stoneware and perhaps even electrical porcelain. 

We can therefore safely venture the statement that the out- 
look for the future is bright, and that there will be a steady in- 
crease iu the annual production of clay products and raw clays 
in this state. 
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PART II. 



REPORT ON THE MOLDING SANDS OF 
WISCONSIN. 



BT HUNRIGH BUB AND F. L. OAIiUJP. 
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The followmg report on molding sands of Wisconsin has 
heen prepared with the two fold purpoee of giving informa- 
tion regarding the character of the molding sands obtained in 
the state of Wisconsin, and their points of resemblance or di£> 
ferencfl with those brought in from other states aod of mak- 
ing some saggestions regarding the laborator]'' methods of in- 
vestigation on this class of materials. 

The field work on the report was done by the writer and hia 
assistant, P, L. Gallup, during the summer of 1904, while the 
laboratory work was done mostly in the following winter. 
Mr. H. Leighton, has also rendered Taloable assistance, in mak- 
ing the iKtrosity and specific gravitr determinations 
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KEPOET ON THE MOLDING SANDS OF 
WISCONSIN. 



INTBODUCTOBY. 



Under tie term molding sand are included siliceous sandy 
materials employed for making either molds or cores, for use 
in casting iron, steel, bronze, brass, etc. 

The materials ranployed vary in character from a loamy clay 
to a sand or even gravel, often hat not always of highly aill- 
eeoQS character, the grade of the mateiisJ employed depending 
on the size or character of tile casting, the kind of metal, or the 
portion of the mold in which the sand is to be used. 

For small castings, and for those on which it is desired to 
produce a smooth surface a fine sand is nsed, while for larger 
castings a coarser material is often employed. 

Molding and core sands are not always used alone, and one or 
more grades are not infrequently mixed together, indeed the 
blending of molding sands is quite extensively practiced now both 
at the pit and at the foundry. Even this however does not 
always give a mixture of exactly correct physical properties, 
and so certain foreign substances such as cinders, ground coal, 
graphite, molasses, flour, stale beer, linseed oil or straw are 
sometimes added either to increase the bonding power or ■pee- 
meability of the material. It is therefore seen tiiat a sand in 
its natural condition may not be deficirait in certain qualities 
and yet by "doctoring" be greatiy improved in quality. 

The question may be reasonably asked whether it is posoble 
to develop a set of standards to which molding s&nds used for 
different grades of work must conform. The problem is un- 
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doubtedly a difficult one, but still it may not prove as much 
so as one might expect. 

If from a laboratory examination of a molding sand ve can 
obtain at least some clueg towards its poafdble applications, 
without having to go to the expense of time, labor, and ma^ 
terial required for putting the sand through a practical tes^ 
much will be gained. 

Prevums work. A search through the literature reveaU the 
fact that but little has been attempted in the physical and 
chemical investigation of molding sands, indeed the literature 
on the examination of molding sands is very meagre. Many 
books on foundry practice give but little attention to the value 
of a chemical analysis, although a few eoggest that further 
chemical' investigations would be desirable. A physical exami- 
nation of the material is rarely referred to. 

Perhaps the most important piece of work IJiat has been 
done in the past, is that of Karmash and Sauerwein* made 
as long ago as 1862. They advocated strongly the valne of a 
combined physical and chemical analysis as a result of their 
work on a senes of some 16 sands from different part of Europe. 
These were analyzed chemically and the grains separated into 
three sizes, viz., eoar^, medium and fine. As their papers are 
in more or less inaccessible publications it may be of interest 
to quote their results. 

The sands examined by them were divided into two groups, 
viz., Lean and Fat sands. 

A. Leaji sands. 

1. An E^ptiftn sand used for molding silver; & pure, coarse- 

grained sand, of low binding qualities. 

2. Sand from Sebenstein bet Wiener Neu Stadt vhicb for nse is 

mixed witb fat saad for the (p^een- molding of iron. Accord- 
ing to Saaerwein, its chemical composition was: Silica, 3.5 
per cent.; CaCO,, 64.6 per cent.; li^gCO,, 41.1 per cent.; 
FeCO,, 1.1 per cent. The grains were of irregular shape 
and from ^f m.m. in diameter, the finer grains predomi- 
nating. 

"Ueber Pormsand. Eannov. Mitth. (1862), p. 210; Berg u. Huttm. 
Zeit. 1863, p. 137; Dingier Poly Jour. Vol. 168, p. 278; Deutsohe- 
Technische Zeitung, Vol. 25, p. 220. 

Sauerwein. Untersuobung von Formsand. Mitth. des Eannover- 
ischen Qewerbevereins, 1862, p. 222. 
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3. A very lean saad from Neudorfel bei Wiener Neastadt which si 

mixed with Nos. 11 and 12. It coDtaiued 88,78 per cent, 
silica, 6.66 per cent. Fe,0,, 2.0 per cent. CaO, 2.6 per cent. 
MgO, and oousisted of irre^ar sharp edged eraine from 
■^i and even i m.m. diameter. 

4. A sand from ShieSel used for iron moldinf;. It contained 88.68 

per cent, silica, 9.23 per cent, alnmina, 3.42 per cent, iron 
oside, .69 per. cent. CaO. It is similar to the preceding in 
irregularity and size of grains; yet a part of them are more 
rounded and both contain but few fine gr^ns. 

5. Sand from Keman for iron casting. Grtwns vary from ^c~i 

mm., the largest being present only in small amonnta. 

6. Sand from Birmingham for iron work, very large visibly sharp- 

edgea grains, from { m.m.-iV m.m. in diameter. It contains 
87.6 per cent, silica, 3.6 per cent, ferric oxide, 7.7 per cent, 
alumina, and 0.96 per cent. time. 

7. Sand from the Luoeberger Iron Foundry, composed of very 

large graios, mostly } m.m. also a moderately large number 
under ^ m.m.. It ountains 90.26 per cent, silica, 5.61 per 
cent, ferric oxide, 4.1 per cent, aluminum and 0.23 per cent. 

. Fat Sands. 

S. Screened sand from Benter Berg bei Hanover for brass and 
bronze molds; composed of irregularly rounded grains from 
^ to ,V m.m., occasionally as large as ^ m.m. It contains 
92.21 per cent, silica, 3.26 per cent, ferric oxide, 4.0 per cent, 
alumina, 0.53 per cent, lime and a trace of MgO. 

8. Sand from Verden for gold molding, has grains like the for- 

mer, the largest part of them being under t\ m.m. a few 
iV m.m. and occasionally ^ m.m. It contains 97.46 
per cent, silica, 8.00 per cent, ferric oxide, 3.7 per cent, sili- 
cate alumina, .84 per cent, lime and a trace of MgO. 

10. Sand from Vienna used for the finest art work; grains mostly 

from (V to /i m.m. with a great many fine ones. 

11. Sand from Vienna tor fine iron molding containing very many 

grains being under Jn m.m. the greatest in size being from 
Vi to i*! m.m. This is mixed with No. "2 for dry molding 
and with No. 3 for wet molding. 

12. Very fat sand from Neudorfel near Wiener-Heustadt; indeed 

so fat that it ia necessary to mix with No. 3 for dry molding, 
and for wet molding with large quantities of No. 3. It con- 
tains 53.85 per cent, silica, 16.74 per cent, alumina, 6.6 per 
cent, ferric oxide, 12.18 per cent, lime, 0.99 per cent, mag- 
nesium carbonate and 2.90 water. A few little grains 
^ m.m. and many at A m.m. 
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13. Sand from Fontenay-auz roses at Paris for fine bronze mold- 

iag' grains from ^ U> -fw m.m., the large grains being pre- 
dominant. It ooE ' VDS 83 per oeat silica, 7 per cent cla;, U 
per cent f«mo oxid i and a trace of lime. 

14. Coarse sand for iroi. 2oundriea oontuning however a oonsider- 

able amount of close fine ^rains. 

16. Fine sand for foundries, much like the preceding, with fewer 
large grains. 

On mixing these sands with water, drying and making compar- 
ison as to their behavionr sands No. 1-7 were designated aa 
lean sands. No. 8-15 as fat sands, this arrangement being 
according to their plasticity and binding qualities. No. 1, 
2, 3, cannot be used alone for molding on account of their 
very slight cohesive qualities. 
Table. 





Chemical Composition. 






No. 


Percent 
silica. 


Per cent, 
alumina. 


Percent, 
coarse 
sand. 


Per cent, 
medium 
fine sand 


Per cent 

fine sand. 


Fine and 
mediam 
fine to- 
gether. 




1 
S 
3 
i 
6 
6 
7 






100 
68 
93 
92.6 
88 
91 
BS 








« 








42 
2.8 
7.4 

IS 
7.5 

12.5 


42 


a 






4.2 




B6.68 


9.23 




J 


8 

1.5 

2.5 




87.6 
90.25 


7.7 
4.1 


9 


i 


8 
» 
10 

\i 

13 
U 
IS 


08.31 
87.48 


4 
3.7 


46.6 

34.6 

42 

SI. 5 

65 

82 

79 

59.4 


38 
34.6 
49 
32.4 
27 
0.8 
16 
26.8 


15.4 
S0.8 

43.1 
18 
17.2 
S 
13.8 


53.4 
65.4 


t 








1 


65.85 
82 


7 


45 

IB 



















■ffAccording to Sauerweia tha chemical aad mechanical analysis of mold 
ing iiands has given the absre results. From the abovs table it is deduced 
that the "fatne33"ofa moldmRsand U nataiwayi in proportion to itt 
olay content (No. 4 is leaner than 6 and 7, and coatains more clay than 8, 
9 and 13). Still the amount of fine parts coataioed exert a cnsrlied influ- 
ence on the biadia;;; qualitiej, and the work'tblliir ot the aandi. (The 
lean sands coataia 7-ls per cent., and the (at 13'Tj.i3 par ceat ot flue ma- 
terial.) 
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Tliia is practically the only examination of the combined 
physical and chemical properties which the authors have found 
a reference to. Even published chemical analyses are scarce 
is mentioned later. 

This lack of previous laboratory investigations might lead 
some to suppose, that such methods were of little value, and 
even the foundryman in most cases loohs on them witii dis- 
couragement. Such action should however but serve as a 
stimulus to probe the matter more deeply, and not give np 
until it is definitely proven to be valueless. 

In practical work the foundryman is accoBtomed to give a 
moist sand a preliminary examination by pressing it in his 
hand to see if the particles cohere, or to hold it between his 
hands and blow through it in order to tesft its permeability, and 
the acceptance or rejection of the sand sometimes hangs on 
this simple bat insufficient test. 

£ven assuming however that laboratory standards for de- 
termining the usea of a sand are of little value, they might 
still have another application, viz. that of keeping check on 
the material being received from any one pit. 

It is well known that the sand in any one deposit does not al- 
ways run perfectly uniform in ita character, or there may be 
carelessness in the sorting of the material from different beds in 
the bank. This may show up in the behavior of the material 
at the foundry. Now, if each shipment is examined, either 
physically or chemically, or both, variations can in most cases 
be detected, before any castings are spoiled. Of course, a cer- 
tain amount of variation is permissible, and even unavoidable, 
bat it ahonld not be increased by careless mining or mixing of the 
raw materialB at the pit. 

The sands used for molding, can be separated into two groups, 
viz., those used for making the mold, into which the metal, is 
poured, and those used for the core, which fills up hollow spaces 
of the pattern. They differ chiefiy in their coarseness. 

Requisite gualitiea of ynolding sands. Sands used for mold- 
ing shcoild possess the following requisites: 

1. Proper texture. 

2. Permeability. 

3- As long a life as possible. 

4. Moderate refractoriness. 

5. Sufficient bonding power. 
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Texture. The texture of the sand or the percentage of grains 
of different edzea is determined by a sieve test, this being done by 
paadng the sand throngh a series of sieves of decreasing mesh 
and noting the percentage which remains on each sieve. 

The sands may be sieved either dry or wet. If the sizing is 
done on dry sand, it is found that some clay particles adhere to 
the sand grains, and therefore the percentage of the several sizes 
is greater than it should be. 

A method used by Mr. "W. G. Scott, of the J. I. Case Thresh- 
ing Machine Co., of Baeine, Wis., consists in placing ten grams 
of sand on the 100 mesh sieve, along with ten 7-16 in. steel ball- 
beariug balls, and shakiTis: with a circular motion for one min- 
ute. The sand paasdni; through is weighed a;ui credited to the 
100 mesh sieve. The sand remaining on the meshes of the sieve, 
together with the balls is emptied onto the 80 mesh sieve, the 
operation repeated, and so on up to the 20 mesh. "With this 
method he claims less work is required and the results are more 
accurate. 

The method adopted in analyzing the sands for this report was 
as follows: 

Fifty grams of the sand were put in an eight ounce bottle, 
and the latter half filled with water. This mixture was then 
put in a shaker for four hours, after which it was washed through 
a set of 20, 40, 60, 80 and 100 mesh aeves. The sand retained 
on each was dried and weighed. That which passed through the 
100 mesh was caught in a jar. "When all the water and sus- 
pended matter had been run through the sieves the contents of 
the jar were stirred np, and after standing 45 sectmds, the water 
with suspended clay and fine silt was decanted off. Morp water 
was added, the contents of the jar stirred and the decantation 
repeated. In this way two sizes were obtained. That which re- 
mained in suspen^on has been termed the clay and that which 
settled is indicated as 100-|-, and most of it is retainable on a 150 
mesh meve. 

Some objection may be raised to shaking the material before 
sizing, because of its tendency to destroy some of the loosely 
cemented compound grains. It ia probable, however, that in 
tamping the sand into the fiaedi for casting, that many of these 
would be broken up. Those that are too hard to be thus crushed 
are likely also to reost disintegration in the shaker. It was 
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found, however, that several of the sands analyzed contained 
compound grains on the 20. 40, and even 60 mesh sieves. 

Plates XXIII to XXX represent photo-micrographs of the dif- 
ferent sizes of several sands. In Plates XXIII-SXV, there are 
shown the 20, 40, 60, 80, 100 and 100+ sizes of a sand from Dead 
Lake Bidge, near Madison. All of these, except the first wero 
photographed by transmitted light, and the first by refiected 
light. It will be noticed that the grains of these vary from 
round to angular and are mostly quartz. The opaque grains 
in Plates XSIV and XXV are quartz ooated with limonite. 

Plates XXVI to XXVIII represent the fractions of a fine 
core sand from Berlin all photographed by transmitted light, 
except Fig, 2, Plate XXIX, which was taken by reflected light, 
and is the same as Pig. 1, Plate XXVII, The enlargement in 
the former, however, is 7 diameters, and in the latter, 18 diam- 
eters. 

Plate XXX, Pigs. 1 and 2, represent the 20 and 40 mesh sizes 
respectively of a No. 4 Waterford sand from Valparaiso, Ind. 
The illustrations show that the grains are compound ones, bong 
made up of small grains cemented together into compound ones 
of tubular or cylindrical shape. These tubes are found evpn in 
the 60 mesh sizes. , 

In the work for this report about fifty molding sands, mostly 
from Wisconsin were analyzed mechanically, and the limits of 
variation of the different sizes were as follows. 



sua mesh. 


I. 


II 


III. 




0.-6 
.16- «.08 
.31-12.00 
.12-11.61 
.18-39.16 

12.76-76.86 
.36-35.62 

60.89-99.36 


0. - .01 

.02- .90 

.01-2.3 

.02-2.2 

.12- 1.81 

16.9i-fl7.02 

11.92-62 6* 

100.00-9i.07 




40 








80 








100+ 

Olay 

FiDiness 


1.51-37.32 

. 1-18.26 

31.76-71.11 


I. Sands for gener 
II. Brass sands. 
III. Core SBDds. 


Iwork. 
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An examination of the above figures shows that the flaeness of 
each group Tariea in two cases at least, between rather wide lim- 
its, and as we might expect there is some overlap. That is to say, 
some of tiie sands used for general worii are coarser than Bome 
of the sands osed for cor«& This is however to be expected. 
No oee grade of sands can be used for all kinds and sizes of cast- 
ings. Considering the average fineness of each group however, 
we see that the brass sands are the finest, the sands for general 
worii the next, while the core sands average the coarsest. 

In the accompanying table there are pven the mechanical 
analyses of all the sands examined, together with their fineness. 
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While it is possible to use these analyses for purposes of com- 
parison it is sometimes rather slow woric where a lai^ series of 
analyses are being consddered. If therefore we can devise some 
graphical method of showing the texture such comparisana caa 
be more rapidly and satisfactorily made. 



Fig. 6. 

Pig. 6 represents the method adopted. On the four lines, 
a, b, c, d, there are laid off equ^ distances, corresponding to 100 
per cent. On a the percentage of clay ia laid off, on b the 
amount of 100, on c the percentage of 100-|-, and on d the com- 
bined percentage of 20, 40, 60, and 80 mesh grains. These last 
fonr are combined as they represent the coarse particles of the 
sand. Having laid off the proportionate distances on the four 
lines, the points are connected by straight lines, and the result- 
ing figure shows at a glance the structure of the sand. 

Plates XX, XXI, and XXII represent the texture of all the 
sands examined for this report In the very fine ones it will be 
noticed that most of the figure lies above the hori^cmtal line he, 
while in the very coarse ones it lies below the horizontal. 

For example, in Plate XX one can tdl at a glance that Kos. 9 
and 16 are practically identical, and that Nos. 3'2 and 27 Kn 
very d^osely alike. 

Since the mechanical analysis is a rather detailed and lengthy 
mode of stating the texture of the sand, it is evident that if the 
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flneness can be ezpreeaed by means of a stogie number it wooM 
also be macb more convement Such a number must however 
represent the average fineness of the sand. 

This average may be defined as the sum of all the quantities 
considered divided by the number of separate items." 

Now if in a sand we have 

Ni grains of size S, 
N, i^'aina of sJse S, 
Ni ^ains of size 8, 



Av„«,.„o,s44.+i|-±N..Bd 



If the total' number of grains is N then 



N 


», +N 


S. + N.S. 


+ .... 


N,S, 

8 


N.S 


N 





""*' jj' - the iractional part of the whole quantity which 
has a size S. So it the total namber is taken as 100 (or pro- 
portional to 100* 



S 



~ Per cent o( size S, 



»' = Per centot gise 8i 

In order to apply this formula to the mechanical analyns of 
a sand it is necessary to assume an average size for each mesh. 
Id the case of the grains retained cm the 20 mesh, it was assumed 
that they averaged 1/15 in., as few of them were mach larger. 
This size would then be repressed decimally as .066. 



"The method of calculaling the average flDeness of a sand has beea 
BD^eeted to the writer by n^ofessor J. S. Shearer of Cornell Univer- 



DiBtizedOyGoO<^lc 



I, Wis. Particln ,t 



By transmit t»l li^C 



DiBtizedOyGoO<^lc 



FJK' 3. Sune [aentit^. 



miilixl liillC 



DiBtizedOyGoO<^lc 



>rMiuli9an.Wi9. Putid 



il50m«sh. X 18. Hy 



.nL^ogi';^ 



DiBtizedOyGoO<^lc 



TBB MOLDINC SAWDS OF WISOONaiH. 



Thoee which rested on the 40 mesh, mi^t range from 1/20 to 
1/40 inch, and their average was taken aa approximately 



.037. 



and 80 on. The average size grain of the lOO+size was taken aa 
1/150 in. or .008, whUe that of the silt and claj waa assumed 
as .004. 

As an example: 

The mechanical analysis of one sand was : 



Mesh. Per uent. 
SO .14 
40 2.82 

60 6. re 

80 1.44 

100 8.86 

100+ 61.96 

Clar 34.16 


99. H 




0044 X .066= .00029 
0382 X -037 = .00104 
0676 X -019= .00109 
0144 X -013 = .00018 
0286 X .011= .00031 
6196 X -OOB = .00416 
3416 X -001 = .00137 


^ 


.00844 av 




= lis maah. 



In other words, if all' the grains in a given vi^ume of the aand 
whose mechanical analysiB is given above were reduced to a uni- 
form size, they would pass through a 118 mesh. The average 
fineness of the eand is therefore given as 118. 

It will be seen from an inspection of Plates XX to XXII that 
the average fineness of the aaods examined ranged from 174 to 



PERUEABILITY AND POROSITY. 

By the permeability of the sand is meant the prt^erty which 
it possesses of allowing liquids or gases to filter through it, and 
it depends therefore on the size of the pores. 
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By porositf is meant the volame of pore sp&ce between the 
gning. 

These twt> pr(^>ertie8 are therefore not the B&me. A sand may 
eontain a few large openings through which liquids or gams 
might easily escape, and yet have a Eouall total pore space. On 
tbe other hand its total pore ^ace might be large, but owing to 
the small oze of the pores permeability by either gaaes or liquids 
becomes difficult 

The permeabili^ of a sand might be influenced by three 
things, named in the order of their probable importance. 

1. By the tightness of the paddog. 

2. By the cdze of the grains. 

3. By the fluxing elements of the sand. 

In discussing the effect of 2, two cases must be considered, 
(a) that of a sand whose grains are all of the same size, and (b) 
that of a sand whose grains are of unequal size. 

If a given amount of sand is placed in a cylinder it will oc- 
onpy a varying volnme of space depending wheUier it is ti^tly 
or loosely pressed in, and the closeneaa of the packing may be 
increased by tapping the eontaining vessel. This gets ^Le grains 
into their closest arrangement, producing the minimum pore 
space. 

The amount of pore space produced in this manner however 
is dependent somewhat on the shape and size of the grains. 

In (Htler to make this clearer it is necessary to assume some- 
vhai ideal oonditiona. An ideal Band would be one composed of 
spherical, uniformly sized graina, and the amount of pororaty 
will be governed by the arrangement of the grains. Thus com- 
paring Figs. 7a and b the most compact arrangement is that 
shown in Fig, 7b, in which each grain touches 12 other grains 
(King, U. S. QecA. Sorv., 19th Ann. II, p. 306, et. seq)., and in 
this case tlie pore space would equal 25.95 per cent. If however 
eaeh sphere touches only 6 othera, as shown in Fig, 7a the mast- 
mum pore space is developed, and equals 47.64 per cent. 

It makes no difference, what the diameter of the spheres is^ 
provided th^ aro all of the same size, the pore space will re- 
mun the same, with the same arrangement. With smaller 
spheres however, the pores will be smaller, and hence the per- 
meability less. 
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Such ideal Bonds are practically unknown in nature, but fine- 
grained sands are more apt to approach theoretic porosities than 
the ooarsa grained onea 

If tlie sand ia composed of grains of unequal adze, then the 
small onea will fit in between the lai^ ones, and the pore space 
will be still farther reduced. 

In nature the oonditiooa are quite different, and the sands 
commonly found contain not only grains of irregular size but 
sometimea of angular eharacter. 



-Mazlmnni uid minimum mm ipace of ipiierieai toll srains. After 






The inveetigations of King* have shown that the finer grained 
Bands have a lai^r pore space than coarse grained ones, evei^ 
though composed of approximately equisized grains, and that if 
the grains are angular, the pore space for any given size is in- 
creased, because angular particles will not pack so well. The 
minimum pore space was obtained by using two sands ai rounded 
grains but different diameters, and mixed in equal' parts. 

In connection with grain size, there is probably one factor 
which is lost sight of, and that is the state of a^regation of the 
finer grains of the sand, whether they be silt, or clay. If these 

•19th Ann. Kept. U. S. G. S. II. p. 209-215. 
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are aeparote, they will pack much doser, oad tighter, than if 
cemented or btmched together in the form of compoond gruna 
If in the latter condition the porosity of the maee woold be 
larger, and the permeability also, than if the grains were separ- 
ate, because the eompound grains are themaelves porous, (See 
Plate XXX, Fig. 1)- In Uie mechanical analysis of the sand, 
the grains tindery much rubbing, end these compound grains 
may tlierefore be destroyed. 

The above brief discussion of the porosity of sands is not «f 
purely theoretic value, but baa several important practical bear- 
ings, for from it we see the means of increasing or decreasing 
the porosity of the sand. Thus tamping, because of forcing the 
grains together decreases the pore apace, but even so theoretic 
conditions can rarely be reached. 

Other things being equal, sands of vari-sized grains pack closer 
than those of equi-azed grains. 

The decrease in permeability under increased tamping ex- 
plains why some good sands behave badly, when packed too 
tightly, ID the mold, refusing to allow the gases to escape, and 
caomg blowhole& 

The permeability of a sand is also influenced probably by the 
amount of water used in packing the sand. Foundrymen usu- 
ally add a minimum quantity of water to the sand, in fact just 
enough to make it cohere sufficiently, it being claimed by some 
that an excess fills up the pores of the sand, and thereby de- 
creases its permeability. While the addition of too much water 
may do this, the effect is probably an indirect one, and is due to 
the fact that wet sand will pack denser than dry sand. This 
closer packing will consequently decrease the pore space. 

The relation between fluxing impurities and permeability is 
one which may show itself during the casting. If the clayey 
particles flUing the interetices of the sand are sufficiently impure 
to fuse when heated by the molten metal, the coalescence of these 
in melting will have a tendency to close up the pores to some ex- 
tent at least. For this reason partly a high percentage of flnx- 
ing impurities is found undesirable. 

The proper permeability of a molding sand is a matter of vital 
importance, since it permits the gases to escape while the metal 
is being east. These gases may be given off by the metal, or may 
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be steam produced by the heat aeUcm on the moisture ic the 
sand. A pathway must therefore be open for their escape, and 
if none is at hand blow holes are formed. 

Since the degree of porosity of the sand ia therefore an import- 
ant matter, it becomes desirable to have some accurate means of 
measuring this if possible, and while several investigators have 
turned their attention to this problem, the results obtained have 
not been wholly satisfactory. 

King (loo. oit.) for example showed from his experiments that 
the permeability aa indicated by " the time necessary for 5000 
ou. cm. of air to pass through a given sample holds no very ap- 
parent relation to the pore space which was found, except, in- 
deed, that generally the larger the per cent, of pore space the 
slower the air was in passing through." In other words the 
finer the sand, the lower its permeability. 

From this one might assume a general but not very close re- 
lation between pore space and permeability. 

Since the measurement of the permeability of sands is more or 
less difficult, it is more desirable to determine the porosity, e»- 
pecially mnee this gives us an approximate gauge of the permea- 
bility of the material 

The pore space of a given volume of sand can be determined 
by the fallowing formula. 

Vd -JW 
in which: 100 Vd. 

V is volume of vessel in cubic centimeters. 

d ig specific gravity- 

W is weight of the sand in grains. 

The method employed consists in filling a cylindrical vessel 
of known capacity with the mediiun whose pore space is to be 
determined and then computing the pore space from the 
weight of the material and its specific gravity. 

The best results according to King are obtained by allowing 
the sand to run into the receptacle in a fine steady stream. The 
closest packing and most uniform results being obtained by add- 
ing the material in small lots at a tJme, and gently tamping it 
with a broad fiat faced pestle until the vessel was filled. After 
filling in this manner, the sides of the tube are gently jarred with 
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light blows, until all redncticoi in volume ceases. In doin^ thia 
it is necessary to hold the tube rigidly. 

In the following table there is given the average fineness, 
specific gravity, and pore apace in per cent, of the different 
sands tested, begioning with the brass sands and ending with the 
core sands. 

Tabl* thawing the c 



Lab. 
No. 




Average 
Sneoeaa. 


Specific 
gravity. 


Porosity. 


63 
8 


^^^6""^:.^.: 


174 
163 
143 
110 
110 
139 

130 
137 
137 
]36 
134 
132 
131 
131 
139 
125 
121 
119 

110 
106 
106 
105 
105 
103 
103 
93 
92 
92 
90 
88 
86 
86 
86 

83 
13 
82 

78 


2.60 
2.72 
2,62 


12.15 
44.70 


» 


Albany, N. Y 


14.41 


43 
52 
57 


No. 5, Newport, Ky 

No. 1, New Albany, Ind . . . . 


2.60 
2.66 

2.69 
2.66 
2.61 
2.66 
2.56 
S.64 
2.62 
2.58 
2.67 


40.11 
11.31 


55 
15 
32 


No. 1, Waterford, Ind 

No. 3, Newport, Ky 


13.43 
13.09 
11.14 








11 
51 
35 


No. 6, Newport, Ky 

No. 3, Water/ord, III 

Pendleton property, Neenah 


43.28 
10.13 
44.62 




Noenah, brass sand 

Altoona, near Eau Claire.. 
St. Joe River, St Joe Co., 




34 
21 
51 


2.67 
267 

2.68 

2.67 
8.63 


44.07 
46.83 






















No. 1, Indiana 


2.ra 
2.60 
2.67 
2.69 
2.60 
2.50 
2.61 

2^60 
2.66 
2.58 

2.61 


45 18 




No 1, B.)rlin 










22 


CJarden City Sand Co 


10.60 






39 18 






41 76 


















10 37 








56 


Waoatah aaod, Valparaiso, 


















25 


Janesville :.... 
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7*0610 thovting arterage Jtitenttt, tpeeijlo gravity, and poroiity 0/ 
molding aandt examined — Cootinued. 



lAb. 
No. 




Average 


HpeciBc 
gravity. 


Poroeity. 


90 


WhoatUnd. near Berlin .... 


76 
74 

73 
72 
70 
68 
06 
63 
63 
68 

es 

62 
62 
54 
53 
49 
41 
40 
40 
3» 


8.61 
S.5B 

2.68 


47.86 


15 


KloDdike, St. Charles Co., 
Mo 


34 96 








11 


Janesville 


8.73 
3.61 
«.63 
2.56 
2.61 
2.64 


38.81 


11 
IS 
60 
«2 


Fairwater (run of biuik) . . . 


32.00 
33.80 
38.62 
32.50 














10 








13 
46 


Core sand. Pt. Washington 


8.68 
2.61 


36.33 
38.83 










8.66 














2.67 
8.68 




sn 


Janeeriiie. 


40.41 




Uadison 











LIFE OP A SAKD, 



Miost molding sands after being used once lose siHoe of thdr 
desiiable qualities, and after one or more heats become "dead" 
as the fonndrymati calls it The length of a sand's life is there- 
fore a matter of some importance. Some sanda can be used but 
once, while others can be nsed over several times, with or without 
the admixture of some fresh sand. The deadness of the sand is 
BO doubt due to its dehydration by the heat of the molten metal, 
its plasticity' or bonding power being at the same time destroyed. 
The water of hydration thus lost comes lai^Iy from the clay 
and we may perhaps inquire with reason, whether clay^ sands 
become dead sooner than those containing low clay contents. 

The amomit of sands thus destroyed in casting will be a layer 
of variable thic&neaa next to the metaL With small castings 
this will be but a fraction of an inch, and will be correspond- 
ingly greater with large ones. 
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BEFHACTOBINBSS. 

A moliijng sand should be sufficiently ref ractoiy to prevent its 
faaang completely wheo in contact -wiih. the molten motal. For 
this reaaon highly siliceouB sands are the most desirable, at the 
same time a veiy high percentage of silica is only to be gained 
at the expense of alumina or clayey matter and a conseqaeat 
loss in eohesiTeiiess or bonding power. The effect of the chem- 
ical composition on the refractoriness of the sand is discu»ed 
under the chemical analyses of molding sands. 

There is no standard laboratory test for determining the re- 
fraotorineeB of a molding sand. Perhaps the best would be to 
make a flafik of the sand to be tested and pour into this as irtxi 
of known composition ao that its effect on the sand could be de- 
termined. Means not being at hand to carry ont this test, the 
nest best plan seems to be to mold tiie sand into cubes and heat 
these rapidly in a fomace. 

The following table contuns the results of a number of testa 
of this sort made by C. W. Hord and kindly placed at the 
writer's disposal. The cubes were made by mixing the sand up 
with gnfflcient water to make the grains cohere, and then forcing 
the sand into a wooden mold by blows from a 9% lb. lead ram- 
mer, with a drop of four inches. These cubes were then heated 
in a gas furnace to a temperature of Cwie 6 (fusion point ap- 
pposimately 2282° F., or 1250o C. , the time required for burn- 
ing b^g from 45 minutes to 1 hour. After burning the cubes 
were weighed, soaked in water for 48 hours and weighed again 
the increase in weight indicating the amount of water absorbed 
and being therefore an approximate index of the porosis after 
burning. Of course it wiU be easily seen that any shrinkage of 
the mass, or fusioa of the particles will serve to close up the poree 
and decrease the absorption. Since it was recognized that the 
amount of tamping the sand received, and the quantity of water 
nsed might affect the density, four mixtures were made up as 
follows: 

1. Water taken 6.6 per cent., number of blows, 3. 

2. Water taken 6.6 per cent, number of blows, 9. 

3. Wat^ taken 13.2 per cent., nmnber of blow6,3. 

4. Water taken 13.2 per cent., number of blows, 9. 
The results obtained are given <«i pp. 218-219. 
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The figures given in the table are not without iutereat. 
If we examine the let, 2nd, and 3d. columns, of figures, we find 
that in ereiy case, more pounding or a greater amount o£ 
water for miiing, tended to decrease the porosity as eyidenced by 
the absorpti(Hi figures, but that the use of a higher percentage 
of water, seemed to reduce the porosity more iban an increased 
number of blows, even though the former was only doubled while 
the latter was tripled. 

One is somewhat puzzled to find the causes which govern the 
degree of porosity of the sand after burning. Taking the first 
abflorptioD number of each set, we find that it ranges from 30 
per cent, down to 2.8 per cent. This figure does not seem to 
stand in any direct relation to the average fineness or porosity 
of the green sand, neither does it appear to be directly related 
to the clay percentage. 

It would seem that the porosity after burning is due to three 
causes, viz., amount of clay particles, an evenly proportioned 
number of the different sized grains, and the amount of fluxing 
impurities in the fine particles. That is to say, with a number of 
different sized particles there will be less porosity in the mass, 
than if most of the particles were of one size, because this enables 
them to flux together more readily because of closer packing. 



BONDING POWBK OB TENSUE BTBENQTH. 

Sands used for molding should posseas sufficient tenmle 
strength or bonding power to make the grains cohere after the 
flask in which they are tamped is removed, and also for the par- 
pose of resisting tiie pressure of the molten metal in the mold, 
or its oorrasive action while being poured into the mold. Pore 
sand, has little or no tensile strength, nnlees very finegrained 
when it may cohere slightly if moistened and packed, clay alone 
has a comparatively high strength, and the amount of bond will 
dep^id partly on the finoiess of the sand, and partly 'on the 
amount of clayey matter in it. The tensile strength of the mold< 
ing sand will be likewise somewhat affected by the amount of 
moisture in it , moist sandc ohering more strongly than dry sand. 
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The moisture content should not be in excess however, otherwise 
the sand will pack too densely- With clay, the anLount of co- 
herence will not be seriously influenced by the amount of moist- 
are, since the particles in drying shrink together, but with sand 
or even loamy sand when the shrinkage is exceedingly sli^t or 
ev^i zero, there is no drawing together of the grains in drying, 
and therefore the presence of moisture aids the b<Hiding power; 
pressure may likewise increase it. 

Where the mold is of complex desgn it is obvious that a 
stronger bond is necessary than for simple patterns. In sudi 
cases it may become necessary to increase the bond by the addi- 
tion of some binding matfiriaL 

THE CHEMICAL ANALYSIS OF UOLDINQ SANDS. 

A difference of opinion appears to exist regarding the value 
of a chemical analysis of molding sands, and but few such analy- 
ses are on record. Those which have been published usually 
show a high percentage of silica and consequently it has some- 
times been assumed that all molding sands are highly siliceous. 
That this is not so in all cases is shown by the few analyses whidi 
were made for this bulletin. 

While the physical properties of molding sands are of preemi- 
nent importance, the chemical properties of the sand should not 
be n^lected, especially since the chemical analysis may show the 
preseoce of objecticoable elements, such as fluxing impurities, 
which are at times present in surprisii^ly large quantities. 

Much the same interpretations can be made from a moldii^ 
sand analysis as from that of a clay. 

A high fnlica percentage indicates a Large amount of quartz, 
while from the alumina and chemically combined water, we can 
make some estimate of the amount of clay present. The analy- 
tds will furthermore indicate the amount of fluxing imptmtles, 
such as iron, lime, magnesia, and alkalies which the sand 
contains. 

In most published analyses the percentage of the last four is 
very low, but in some of the Wisconsin sands the lime and even 
magnesia occur in appreciable quantities. 

The allowable limits of the different ingredients, are not as a 
rule given. 
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Bolland* states r^ardiug the chemical compositioti of mold- 
ing sand that "3^ of metallic oxides in sand seriously dimin- 
ishes its refractory qualities and 1% of lime measurably lessens 
ite value as a good uLolding sand, as the carbonate is acted upon 
by the intense heat and gives (^ CO^ which disturbs the face 
of the mold during its escape, causing homey-combed and rough 
Hurfaces on the casting. Caustic lime will cause a slag on the 
Bnrface of tiie casting. 

Sands which contain the lai^est percentage of silica, from 1— 
3 per cent magnesia, with as much alumina as will impart co- 
hesivenesB and plasticity are under almost all circumstances the 
best for facing sand. Lime should not be pres^it in even the 
smallest proportions." 

In specifications for molding sand, prepared by Mr. Scott of 
the Case Threshing Machine Co., Baeine, Wis., the following 
statements are made, regarding the chemical composition of 
sands for molds and cores. 

Molding sand. "Molding sand for iron work generally con- 
tains from 75.00 to 85.00 per cent, of silica, 5.00 to 13.00 per 
cent, of alumina, usually less than 2.50 per cent, of lime and 
magnesia, not over .75 per cent, of fixed alkali (soda and potash), 
generally less than 5.00 per cent of iron oxide, and seldom more 
than 4.00 per cent, of combined water." 

"Sand for braas molding may contain a much higher percent- 
age of iron and lime without doing any particular harm," 

"All molding sands usually contain some oi^anic matter, 
generally present in the form of small' roots or as decomposed 
vegetable matte r.f 

"Carbonate of lime must not exceed 1.50 per cent in an iron- 
molding sand, and should not exceed 2.25 per cent in a brass 
saod. 

"Iron oxide must not ^ceed 5.50 per cent, in the iron-molding 
sand, or 7.00 per cent in a brass sand. 

"Organic matter must not exceed 1.00 per cent. Clay and 
silt are objectionable, consequently any sand showing on analy- 
sis more than 13.00 per cent alumina is rejected." 



•Encyclopedia of Fonndry, 

tThe amonnt present is K^nerally so small that it can be neglected. 
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Mr. Scott givea the following antilyBee of molding sands used 
for different grades of work. 





E^htiroD 
work. 


Medium 
iron work. 


He.Tyiron 
work. 


Light brsM 
work. 




sa.si 

8.48 
4.35 


86.86 
8.87 
S.3S 
.60 
M 
.81 
.10 
.08 
tr. 
1.68 
.IS 
2.646 
66.01 


88.40 
6.30 

a.oo 

.78 




Alumina (AKO.) 

Iron oxide (Fe,Oi .... 
Lime(CaO) 


7.89 
e.4B 
.60 


Uxat carb.XOaOO,) . . 


.68 
.32 
.09 
.05 


1.46 


.50 


1.13 






09 


.26 
1.73 
.04 
2.63 
46.86 




Combin'd water (H,0) 

Organic matter 

Specific mvity ....... 

Degree of fineneia .... 


2.64 

.88 

S.65S 

85.18 


3.80 

.64 

2.64 

94.88 



Mr. Scott says fnrtiier, that "so far aa chemical compositioa is 
ooncemed, any one of the above sands could answer fairly weU 
for near^ any claaa of -work, bat it is absolutely necessary that 
the proper degree of fineness be considered. 



"As a rule a core sand should be high in silica and low in 
alumina." A sand low in alumina wiU permit of the rapid es- 
cape of the gases whereas a faigh alumina or a clay sand bakes 
and holds back the gases. 

The two following analyses, although radically different, are 
good core sands, due entirely to low alumina and iron." 



Silica {SiO.l 

Alumina (ALO,} 

Iron oride (Pe.O.) 

Lime uarbonate (OaOOt) 
Lime eulpliate (CaSO,).. 



AlHttUDB tl,'*ll|0, K.0). . . 

Combined water {nfi) . 
Organic matter 



69.31 
4.76 
1.68 
3.60 
8. IB 
7.77 
.12 
2.95 
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' ' The effects of each of tlie el^nents eommon]^ found in sanda 
are as f oUovni : 

Silica as a refractory elemant, does not ahrink wlien Iieated, 
and has little or no binding power, theref<H« in a highly siliceous 
sand the bund most be supplied either by the addition of. clay, 
or some artificial oompounda 

"Alaniina is present in variable amounts in clayey or loamy 
sanda, and aids indirectly therefore in bonding the sand. It is 
a refractory damoit of the clay, but has a high shrinkage, and 
therefore too much alumina makes the mold bake dense. 

"Idme is a flnzing element, and if present as carbonate, loses 
its carbonic add and makes the mold more porous. The conver- 
sitHi of lime salts into oxide, causes the mold to drop or crumble 
if they are in excess. 

"Iron might be present in the form of ferrous oxide, ferric 
oxide, hydroxide, or ferrous carbonate, which may be converted 
into ferric oxide by heat, although it b probable that those por- 
tions nearest the mold are changed into ferrous oxide. It acta ail 
afiox. 

"lAa^esia is probably like lime in its fluxing behavior. 

"Organic matter may exert some bonding action on the sand, 
but in most sends there is but little present. It wonld bum out 
readily, and add to the porosity of the mold. 

"Combiaed water will be present in any sand containing clay, 
limonite, or gypsum. It is driven off- at a low red heat and thus 
increases the porodty of the sand. 

The following analyses of molding sands have been collected 
from various sources. 





I. 


n. 


III. 


IV. 


V. 


VI. 


VII. 


VIII. 


SUicaOiO.) 

Ali]miDa(Al, O.) .. 
Ferric oxide (Fe,0,} 
Lime(CaOl 


woes 

S.415 

3.196 

tr. 


91.907 
6.683 
2.177 
.415 


92.913 

5.S60 

1.219 

tr. 


90.6» 

6.667 

2.708 

tr. 


81.60 
9.88 

a.ii 

1.04 
.66 


84.86 
7.03 
2 18 
.62 
.98 


8.81 
2.90 
.62 

o.ot 


79.81 

10.00 

4.44 

.70 










































3.0( 
tr. 


2.30 

tr. 


'.» 
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III. Sand from H&nchester 

IV. Band from Lagua foundry at SWmbu^ . . 



Ser. 4, Vol. 
VIII, p. 68S, 
1896. 



V. Pine Band 1 W. Fmtgaaoa, 

VI. Sand (or m«diuin w»l|fbl caatiDga I Iroa Ars, 

VII. Coarse aand for heavy caatiugs rVol.IiX, p.l6 

VIII. Band for keav^ macntnef? in dry sand molds j IBBT. 



These analyses, it will be observed all show a high percentage 
of ffllica, since most of the sands used are of siliceons character. 
They do not however show the variations in composition existing 
in molding sands. 

lliese are well brought out by a few analyses made for thia 
report. 





I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


vin. 




(25) 
BS.52 
5.63 


& 

12.47 

.80 
.99 
.31 
3.96 

Not 


(28) 
90.68 
5,95 
.48 
.69 
,44 
1.05 
deter 


10.03 
.88 
11.16 
5.63 
14.66 
rained 


13.71 
5,90 
18,49 


90.35 87.47 
11.57 6.60 
1.01 .80 
1 33 1.18 


U.K. 

S.48 

74 


SilicalSiOi) 

Alumina (A1,0,}... 
Ferric ozideiFe,0,}. 


Magnesia (MgO).... 


.66 1.10 
2.45 .60 


1.07 

2.65 


AlkalieslNa.O.K.O) 




Total 


89.71 


98.41 


99.29 


99. 9B 


95.67 


97. 4M 97.74 


87.TO 



I. Core sand, Miltoiore quarry, Janesville, Wis. 
II. Upper bed, BocbtoD, III, 

III. No. 2 sand. White and Traugott Pit, Berlin, Wis. 

IV. Lower bed. Bockton, 111, 

V. Brass »and, Pendleton Pit, Neenafa, Wis. 
VI. Sand from pit of Menomonie Hydraulic Pressed Brick Co., Me- 
nomoDie, Wis. 
VII. Lake sand, Superior, Wis. 
VIII. Pine Band, Albany, N. If. 

Analyses I-II by P, L. Gallup. 
Noa. III-VIII by H, Leiehton. 



Two of these analyses, Nos. 4 and 5, show a very low silica 
content, and therefore show a correspondin^y higher percent- 
age of fluxing impurities, especially lime. Nos. 2 and 4, are of 
interest as showing the great difference in composition whieh 
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ma? exist in diilei^it beds of the same bank. The others are 
mostly of siliceous character. 

If the main nse of a chemical analysis of a sand is to indicate 
the amount of duxes and silica which the material contains, 
there is some doubt in the writer's mind, whether an analysis of 
the sand in bulk is what is needed. Snch an ezpresraon of the 
composition does not show us in what condition the fluxes exist, 
that is to s&y, whetiier they occur in the coarsest or Qneet par- 
ticle& If in the former their fluxing effect will be less active 
than if in the latter. 

In moat sands the fluxes are probably contained largely in the 
fine particles, especially if the deposits are of sedimentary char- 
acter, for in these the eoarse grains would represent the more 
indestructible mineral grains, such as quartz. 

If however the miaterial is a residual sand, and some molding 
sands are, then the fluxes might exist wholly or in part in larger 
grains of partially decomposed silicate minerals. 

In order to illustrate the uneven distribution of fluxing ma- 
terials, a partial analysis was made of the several sizes of grains 
in a No. 2 sand from Berlin, "Wis., with the following results. 



Silica (SiO.) 

Alumina I Al,Oi) 

Penic oxide (Fe,0,). . 

liimelCaO) 

HgOA Alk. Bjr.diff.. 
loss, ignition 



Total. 



60 



80 



100 



1.J3 I 



100+ 


Ciay. 






4.67 




.80 


1.60 


,73 


1.37 




4.43 


i. 


7.90 


100.00 


100.00 



Here we see that the finer particles are mueh less siliceous, 
more hi^tly alominoos and carry a higher percentage of fluxes 
than the other sizes. 



MDmULOOIOAL OOUPOfilTION. 

The mineralogical composition of the Wisconsin molding 
sands as wdl as that from a number of other lOealitieB is re- 
markably mcMiotonous. A mioroecopic examination was made 
of all different sizes (Stained in the sieve testa, and in nearly all 
-with the ezoeptioQ of the clay the predominating minenl was 
IS 
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quartz. This sometimes formed 90 per cent of all the grains in 
the sample. The grains are mostly rounded, and while those on 
the 20 and 40 mesh were often quite free from iron the smaller 
sizes often exhibited an abundant Ettain of limonite. Compound 
grains of quartz sand cemented by limonite were by no means 
unccmmon. In addition to quartz, feldspar mica and even 
garnet were sometimes noted. Several sands as No. 55, contained 
little sand tubes in the 20, 40, and even 60 mesh sizes. These 
were apparently cemented by caJcium carbonate. 

In a few, the grains retained on the 20 mesh were not simple 
minerals but small fragments of rock, such as sandstone, quajl- 
zite, gneiss, schist, and limestone. All of these were invariably 
angular. None of the sizes under 20 mesh, could be said to be 
mariiedly angular although a few were subangular. 

After examining this lai^ number of samples under the mi- 
croscope, one is forced to the conclusion that very little is to be 
gained from such an examination. 

MODE OF OCCUmtENCE OF MOLDING SANI>S. 

Molding sands may be either of residual or sedimentai? char- 
acter. To the first elass belong those sands formed by the dis- 
int^ratitm of the rock in situ, white the second includes those 
formed by the deposition of sandy or loamy material' in water. 

Beaidual sands may be derived from either crystalline or sedi- 
mentary rocks. If from the former their particles are likely to 
be angular ; if from the latter the grains would tend to show a 
rounded form. No deposits of the first type of residuals are 
known in Wisconsin, although they might posdbly exist, but 
examples of the second type are not uncommon. The Potsdam 
sandsbme in many localities is so soft that it weathers easily to 
a mass of highly alioeous sand, which is composed almost en- 
tirely of rounded quartz grains. At many localities where the 
stone is exposed it is so soft that very little power would be re- 
quired to ditdnt^irate it completely if it is not already in that 
condition. 

Sedimentary sands and loams are much more abundant and 
form the main type of material obtained in the state. These 
sands represent sediments laid down by water in lakes, along 
the fiood plains of rivers, or have been deposited by 
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flowing from the margin of the ice sheet during the glacial 
period. Some of those found in the belt bordering the Qreat 
Lakes have been formed in the waters of these during a period 
when th^ covered a greater territory than they do now. 

The coarseDesB of the material laid down will increase with the 
velocity of the current which deposited it, and variations in the 
velocity over any one area, will result in the accumulation of 
layers of different texture. Sand depotuts not infrequently 
show both horizontal and vertical variation, and in the exami' 
natioii of a sand bank, care should be taken to ascertain whether 
there is a sufScient quantity of the desired grade present. Some 
deposits though otherwise good, are spoiled by the presence of 
clay tumpa scattered through them. 

In many areas, especially along the lakes, dune sands cover 
tracts of considerable extent. The materials forming these 
dunes are usually of little value for molds, because they com- 
monly lack even the small amount of clayey material neces- 
sary to bond the sand when moist. They are however used 
for cores, but then require an artificial binder. 

In many distoicta three or four different grades of sand are 
obtained from separate pits all lying within a few rods of each 
other. Or again one bed may persist over a large area, with a 
thiekueas of not more than two feet, and underlain by an equally 
persistent bed of totally different grade or texture. 

Owing to the complexity of the ghunal deposits in which moirt 
of the Wisconsin molding sands occur, it is difficult to lay down 
any rules that will guide the layman in his search for them. If 
however laboratory methods prove to be of practical value it 
becomes a comparatively easy matter to collect samples from all 
available localities and put them through a rapid preliminary 
examination. 

DBTAn^SD AOOOUNT OP THE SANDS KZAHINS). 

Introductory. There are about 150 foundries in op««tion in 
Wisconsin, some of which are of large size, and consequently 
consume large quantities of molding sand annually. 

Nearly all of these use Wisconsin molding sands wholly or in 
part, but a few obtain their supply ^itirely from other states. 
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In order to ascertain to what extent Wisconsin sands were 
used, and wliat advantages lay in the use, in part at least, of 
sands from other states, a letter requesting information was ad* 
dressed to the different foundries in the state. Replies were re- 
ceived from 110 firms, out of a total of about 150, and a Bummar- 
ized statement of the replies received is not without interest. 

The value of the molding sand purchased by 110 firms during 
the year 1904, amounted to $89,882.00. Of this amount $44,- 
113.00 was reported as Wisconsin molding sand and $45,769.00 
as sand obtained from other states. 

The firms that prtmounced the WiBoonsin sands to be satis- 
factory included manufacturera of malleable iron castings, agri- 
cultural maehineiy, steam shovels, dredges, wrecking machinery, 
dairy machinery, horse shoes, saw mill machinery, gas engines, 
letter presses, coarse hardware, etc. 

Those objecting to Wisconsin sand, included producers of 
cookiDg ranges, light dairy machinery, fine agricultural imple- 
ments, office and school fixtures, farm machinery, grey iron and 
crucible steel castings, and fine hardware. 

As the details of the replies received from the various firms 
are to be regarded as confidential, only general statements can 
be made here. 

A careful study of the replies received seems to indicate that 
the.aands obtained from other states belong chiefiy to the finer 
grades, and inspection of the table on p. 206, will show that 
nearly all of the sands obtained friMn other states have a finer 
average grain than the Wisconsin sands now in use, and are 
therefore better adapted for finer grades of work. In some in- 
stances though, the Wisconsin sands are as fine grained as aomie 
of those obtained from other states. 

Instances were found of two factories at different localitJea 
making the same line of wares, but one nsing Wisconsin sands 
with good results, and the other pronouncing them worthlees. Id 
such cases it was found that both had not tried the same Wis- 
consin sand, but purchased thar supplies frtnn different loca- 
tions. 

Many fonndiymen seemed to be unfamiliar with all the Wu- 
consin sources of supply, and it is hoped that this bulletiu may 
prove of nse in brining the various deposits to their attenticm. 
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Practically all the core sand uaed by Wiseonaiu foundiymen is 
obtained within the state. 

While other states, some as far distant as New York are (mp- 
plying the Wisconsin foondries with most of tbeir fine sand, 
ihere seems to be no good reason why, witJi the variety of glaoial 
sands and lake sands which occur within the state, the higher 
grades of sand shonld not be found. 

The Loess area of western Wisconsin, underlain by an exten- 
sive sheet of silt and clay silt, seems one of the most favorable 
fields for finding fine grained molding sand, and the sample 
tested from Menomonie is the nearest to this type seen in the 



SANDS OBTAIXBD FBOM THE CENTRAL STATES. 

These represent types of molding sands, moeUy of fine-grained 
character, many of which are used in Wisconsin. The following 
descriptioiiB are baaed partly on the laboratory examination and 
partly on replies received to inquiries. 

lUinois. 

Waterford. — Two samples of this were obtained from the 
Newport Sand Company of Newport, Ky. The first of these, 
known as No, 3 grade (Lab. No. 54) is used for malleable irrai 
castii^s, agricultural implements, etc. 

Its mechanical composition is 



Meeh. 


Per cent, 
retained. 


ao 








60. 












100+ 














Total 









Pinraess, 131; Specific gravity, 2.62; Porosity, ' 



:vCoO<^lc 



THE MOLDING flANDS OF WIBOONBIN. 



Th« other sample known as No, 4 grade (Lab. No. 55), is finer 
gnined and claimed to be excellently adapted for castings of 
malleable and gray iron and brass. 

Its mechanical anal}^ gave: 



Heeh. 


Per c«nt 
retained. 








80 




60 








100 


12 


100+.. 


IS 





























Fineneaa, 137 


Specific 


gravity, 


2.66 


Porosity, 


43.43. 





Rockton. — A small pit has be^i opened on the top of a knoll 
at the south edge of town, and shows two beds, which are sharply 
separated from each otb^, and each averaging about five feet 
in thii^esB. The lower bed is the finer of the two as well as 
the more calcareous, which leads to the inference that the upper 
one may have had much of the lime leached out of it, and alao 
have lost some of its clayey matter by percolating surface water. 
The top bed is used for medium and heavy casting and the bottnu 
for light gray molding. The mechanical analysis of the two 
yielded. 



Heeh. 


Top bed. 
(Lab. No. 27.) 

Percent, 
retained. 


Bottom bed. 
(Lab. No. 31.) 

Percent, 
retained. 


90 


0.00 
1.12 
10.68 
1.86 
6.88 
16.38 
38. B6 
09. 7S 
134 
2.66 
iS.00 


0.00 












1 U 




















2.67 




iS 56 
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Partial cbemioal analyms. 



Silica (BiOgi 

Atainiiia(AliOi) 

Ferric oxide {We,0,) . 

Idme (CaOi 

Utwneeia (UftO) 

Ignition : 




These sandB are shipped to a number of Wisoonain foundries; 
Indiana. 

A nomber of the finer grades sand are dug in this state and 
cdiipped to Tariona points including WisconBiD. Their properties 
are theref ore of interest Those examined were the following : 

1. Dye'n special (Lab. No. 53). A hi^ grade, fine, strtHig 
and rich-colored aand, nsed especially for fine malleable brass or 
gr^ iron. The meehauical snalyBis yielded : 



Meeh of aieve. 


Percent, 
retained. 






40 


.06 












.12 






ctaj!:::;:":.:.""""' ::""■"■""" """!:":::"" 










Total.... 


W.U 



Fineness, 174; Specdfio gravity, 2.50; Poronty, 42.45. 

2. New Albany, No. 4. This (Lab. No. 52) is claimed to be a 
more open flue sand than the the preceding, and used for malle- 
able brass, gray iron atid high grade stove plate. Its mechanical 
composition was: 





Meahof 


sieve. 


Percent 
retained. 












.90 










lOO-f- 


76.60 














Total 





Fineness, 139; Speciflo gravity, 2.66; Ponnty, 41.31. 
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3. Indiana No. 1. This is a strong red loam aand (Lsb. No. 
49) of medium tdzture and the following mechanical compod- 



Bizeofmwb. 


FarcMDt 
retained. 


90 


■M 










80 








100+ 


36. W 




83 a 








Total.... 


89.70 




^ 





FinemeiHB, 106; Speoifiio gravi^, 2.59; Ptmwity, 45.X8. 

4. Indiana Na 2. A red machinery sand (Lab. No. 48) of 
slightly coaiser teztore than 3, of the following mechanical cmn- 
poaitioD : 



SiM Of meeh. 


Perc«iiL 


90 













































Fineness, 88; Specific gravily, 2.62; Poposily, 38.00. 
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4 Indiana No. 3 (Lab. No. 47). Thia ia a sand of medium 
texture for light machineiy and malleable iron. Its mechanical 
analysis gave : 



Hiae of uumb. 


Per oent 


» 








60 












lOCH- 















Tot«l 









Fineness, 92; Specific gremty, 2.60; Porosity, 42.63. 

5. Vcdparaiao, a sand mined by the Qardm City Sand Co. of 
Chicago, is knorwn in the trade as Wsnatah sand (Lab. No. 56). 
This ia naed for varions clamefl of medium and heavy work, where 
large cores are naed, such aa large pipe, fittings and stmctoral 
iron castings, etc It ia cMmed to have high permeability. A 
mechanical analysis gave : 



M<Mh. 


Percent 
retuDod. 












as.oe 












15 10 


K::;^";;;"":--;:;^;^"!"*:--"--""""'-"'"-- 













Fineness, 83; Specific gravity, 2.51; Pwosily, 43.70. 
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Kentucky. 

Several important grades are obtained from the neighborhood 
of Newport, Ky. j^jnong these the following may be mentdoned. 

Newport No. 3 (Lab. No. 45). A light yellow open aaod, for 
l^bt machinety and malleable castingB. 

Mechanical analysia: 



Sise of m«h. 


Percent, 
ratained. 






40 












100 



























Fineneaa, 137; Specific gravity, 2.61; Porosity, 43.09. 



Newport No. 6 (Lab. No. 44). This ia a very fine aand, oaed 
for light stove plate and braas. Ita niechaziic&l aualysiB gave : 



SiM 0/ mash. 


Percent. 


90 ... 




40 




00 


.06 










100+ 


87. OS 












Total 


89 68 







Fineness, 132; Specific gravity, 2.64; Poromly, 43.26. 



Newport No. 5 (Lab. No. 43). This ia also classed as a fine 
stove plate, and bnaa aand, but one which is claimed to be 
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stronger than the preceding. This is evidently due to ita higher 
clay oontent, as shown by the following mechanical analysis : 



Size of meeh. 


Per cent. 
reUined. 






10 


.OS 






t» 


.08 




.U 



























Pinenew, 140; Specific gravity, 2.60; Porosity, 40.11. 



Michigan. 

Only one sand was tested frcnn this state. This is known as 
the St James molding sand, and is obtained from the banks of 
the St- Joe River, St. Joe Co.., Michigan (Lab.. No. 51). It is a 
mediam grade sand, nsed in the manufacture of small gears, 
medium weight malleable iron and heavy brass, car jcnimals, 
etc. The mechanical analysis yielded : 



Size of meeh. 


Per cent 
retained. 


tt 








eo 


;i.68 

























Fineness, 110; Specific gravity, 2.59; Porosity, 46.45. 



DiBtizedOyGoO<^lc 



236 THE MOLDnra bahdb of wiaooNsiJf. 

Minnesota. 

The only sand shipped into Wiaeonan from this state, so far 
as known is a red sand (Lab. No. 40) from Kerrick, 20 miles 
west of Superior. This is used for moldii^ in green-sand casting'. 
It is also used as a binder in conjunction with the sharp lake sand 
of Snperior, in loam molding and in dry sand cores. It is re- 
garded as a very good sand for general heavy work. The mech- 
anical analysia yielded : 





Size o 


meah. 


Faroent 
retained. 


80 








60 


19. W 










lOO-H 


31.78 














Total .... 


99 U 







49 i Specific gravity, 2.65 ; Porosity, 33.91. 

Ohio. 

Several grades of Ohio molding sand are shipped into Wis- 
consin from Oiofy, most of them coming from the region of Zanes- 
ville. One of the finest grades (Lab. No- 16) obtained from the 
ZaaesviUe re^on and used for stove plate, has the following me- 
chanical composition : 





Size of meeh. 


Percent 
retaioed. 


90 








60 


34 


80 








100-1- 


74 83 












Total.. 









FinniesB, 140. 
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In addition to this coaraer sands for both light and heavy 
sands are obtained from the same area. 

A type obtained from Massillon, 0. (Lab. No. 6), is used by 
scane of the Milwaukee foundries for heavy castings- It has tlie 
following composition: 



Size of meah. 


Per cent. 








1,36 








11.98 




39.16 








7.&0 

















Fineness, 74; Specific gravity, 2.58; Porosity, 42.79. 

Still a third type is known as B. T. No. 1 molding sand (Lab. 
No. 57) and is obtained from Hamilton Co., Ohio. .This is a very 
fine grained sand. It is used by stove and agricultural 
machinery manufacturers and east«rs of ornamental brass. The 
following mechanical analysis shows it to be the finest grained 
of the series examined. It was : 



Size of meah. 


Per oeQt. 
reUiDed. 




























2S 10 

















FinenesB, 139; Specific gravil?, 2.59; Ponmity, 42.66. 
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iaiTAIL£a> ACCOUNT OF WISCONSIN MOLDINO SANDS EXAUTNED. 

Altoona, Eau Cldire Co. — A loam; sand (Lab. No. 21) is fooiu} 
ou the farm of G. E. Hazen, two tniles from £au Claire. The 
material underlies the soil, and ranges from S in. to 4 feet in 
thickness. Beneath it there is usually a deposit of coarse sand 
which is said to be vahieless. The sand is moderately fine grained 
and is used for heavy saw mill castings, sleigh Bhoes, repair cast- 
ings, and sash weights. For all except the laat, seacoal facing ia 
nsed. The mechanical analysis yielded : 



Siao ol mesh. 


Percent 
retained. 




































Total..,. 


99 74 







Fineness, 119 ; Specific gravity, 2.67 ; Porosity, 46.83. 

In addition to this occurrence, sand is also dug by William 
Craadall for use in tie local foundries. Dr. Kendall also pro- 
duces sand for making gray iron castings, and heavy sand fc^ 
large work. It has to be faced with sea coal. 

Beloit, Bock Co. 

Molding Baud is obtained from the pits of "W. V. Whitefleld, 
and used with sea coal for medium to coarse machinery casting ; 
also from the pit of S. Mackie^ for mmilar uses. No analyses 
were made of this. 

Berim, Qre^n Lake County. — This is probably the most im- 
portant molding sand producing locality in the state. The out- 
put comes from a number of pits, most of which are located about 
4 mjlea southeast of Berlin. In digging the sands it is customary 
to remove about 6 inches of silly soil, under which the molding 
sand is found. Two grades are sometimes found in the same pit, 
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or again eaoh pit may yield only one kind- Some idea of the 
variatioQ m&y be obtained from the following mechanical an- 
alyses: 



Size of mesh . 


1 


7 


19 


« 


28 




.1 
3.26 
23.88 
8.32 

37.32 
1.02 












.36 
6.56 
3.62 
21.22 
61. P4 
2.56 


1.76 
10. U 

4.50 
11.52 
16.12 
22.61 


i.ie 

9.76 
3.52 
14.86 

17.18 
22.86 




ao 


8. GO 
5.31 






100+ 


60.61 


Clay 


1.80 


Total 

Fineness ... . 


96.88 
83. 


99.06 
105. 


99.28 
106. 


99.96 
103. 
2.57 
13.20 


98.96 












12.38 


39.4 











1. A fine core sand used at Milwaukee. 

7. A fine moulding sand used at Milwankee. 
19. No. 3 from White and Traugott's pit. 
21. Berlin. 
28. No. 2 from White and Transit's pit. 



An attempt waa made to ascertain the ez&ct uses to which each 
kind waa put, but in this some difficulty was experienced. Some 
idea of this may be gained, however, from the following; 

The No. 1 grades are used for floor castings ranging from 10 to 
1,000 poiutds; No. 2, for light worfc, railway and heavy imple- 
ments, sea coal facing being required; No. 3, for medinm weight 
castings, thimble tikiim, bolster plates, readi plates, etc. A few 
of the coarser grades are also used for cores. The shippers of 
sand at Berlin are: Berlin Sand Co., James Ferguson, White & 
Traugott, T. "W. Wendt, S. Wilcox & Co., W. Michaels, T. Mich- 
ael^ and H. S. Spencer. 

Burlington, Bacine County. 

Mnch sand is dag here by J. Walsh & Son and shipped to MiL 
waukee and other localitaes. The sand is mostly of coarse texture, 
and osed for both molds and cores. No analysis was made of it. 
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EvansviUe, Bock Co. 

Core sand ia dug for local use on the property of W. Blakel7. 
It is used in windmill castings, while a medium texture sand for 
molds for the same claas of work is obtained oa the property of 
W. H. Hatfield. 

Fainvater, Fond du Lac Co. 

Molding sand ia dog on the property of John Riemer, in sec- 
tion, 31, N. W. J4 of S. W. V4, or about 2^ mi. from Fairwa^ 
t«r. 

The bank is about 20 feet high and underlain by hardpan. 
The sand is yellow at the top and lower down raries from white 
to a light buff. Scattered throughout it there are limonite con- 
eretiona The deposit ia fairly uniform in character, as shown 
by the following analyses of which No. 12 repreeraits the run of 
the bazik, and No. 11 selected material. 



Size of mesh. 


U 


12 










i.m 

3*. 46 
8.06 
29.38 
22.58 
.16 




















c!K""::^^;;^";^^:;:'"i::;;^-:^-::-"" 










99.60 
66 
2.63 
33.90 








Bpeciflc gravity 


2.61 
32.00 



Both these are to be classed aa rather coarse texture sanda, 
falling in fact within the limits of core sands, and are not no- 
like No. 15 from Klondike, Mo. They appear to be equally 
sUiceous. 

Fort Atkinson, Jefferson Co. — A coarse aand for local use ia 
obtained on the property of H. H. Curtis. This cajmot be used 
without sea ooal. 

Green Bay, Brovm Co. — ^A medium texture sand for general 
work ia di^ on the property of H, W. "Woodruff. 

JanegvUle, Bock Co.— The sands obtained around Jsneeville 
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are mostly adapted to heavy work and cores. The three follow- 
ing aamplea illastrate wall their general charactera: 



Siu of mMh. 


30 


41 


S5 




.i 
le.M 

G6.S1 

e.60 

B.80 
3.00 
13.34 


1.66 
7.70 
35. SO 
8.12 
17.68 
SI. 42 
18.90 








60 




» 

100 


8.48 
2i.64 


Otay 


14.81 




90.92 
<0 
3.CS 
40.41 


100.04 
70 
8.73 
3S.91 




PinsaeM 


78 


parity f?..!:. :::::::: 





90. Sand for cores and hekvy work. 

41. Saod tor heavy vork. 

SS. Core sand. Hiltmore quBtrj'. 

Kenosha, Kenosha Co. — ^Molding sand for local nae is dug <Ki 
the property of Chris. Broiu. It is mixed with UUnois and In- 
diana sands, and in addition requires facing with aea coal. This 
mixtnre ia then used for castingB wei^iing from 2 up to 60 
poonda 

A aand known aa the Silverton sand, and obtained in K^iosha 
coonty, is used in the manufacture of heavy machinery castings 
Qp to the heaviest shapes that are cast in green sand; also large 
wheels, pulleys, and engine beds. The mechanical analysis of 
this sand (Lab. No. 50) gave: 



BiMof mMh. 


PMcent. 
ret^Ded. 






«o 








SO 


5.62 










oi^:;:: :::::::: ":::::: ::::::":::: ::::."::::: :::::::: 


24 02 


















Fineness, 63 ; Specific grarit?, 2.55 ; Porosit?, 39.5 
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La Crosse, La Croste Co. — ^Mueh sand, usually of coarse char- 
acter ifl found onderlying the rounded hilk, which lie betwtea 
the Afissisappi Blufis and Uie river. At some points this is 
sufficiently' clayey for brick making, at otbera it forms a loan^ 
sand of the proper qnality for molding. Such a sand (Lab. No. 
23) is mudi used locally and has the follcnring composition: 





»wof meah. 


PMcent 
retail^. 








7.78 








l.M 




8 M 






cKJ" : ■■":■:'"'::■■■■':"::':■■■:■:':::■:::: 



















Fineness, 66; Specific gravity, 2.65; Foroeity, 40.37. 

The sand varies somewhat even in the same pit. For core 
wai^ a disintegrated sandstone is obtained in this vicinity. 

Madison, Dane Co' — Molding sand (Lab. No. 39) of somewhat 
ooaise character is found on. Dead Lake Itidgey on the Ketyes 
property, and shipped into town for local use. Its coarse (diar- 
acter is welt shown by 1^ high pero«itage retained on the 40 
and 60 mesh as shown below : 



Size of ineah. 


Pwosnt 
ratatned. 












43 8S 














K^^^^^-■^■;^ ■-■■■■-■-"■ ■-■-■■-■■■■-■■-;-^ 










Total 













The finer sands used by Madiscni foundries are obtateed mostly 
fnnnBeriin. 
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MarinetU, Marinette Co. — A molding aand deposit is located 
2 miles north of Marinette, on the west side of the river. Most 
of the sand beds in this region are of dune character, bat aa aneih 
sand has no binder, it cannot be used for molding parposes. The 
toeal foundry does not use the Marinette sand, but gets its sup- 
ply from Michigan. The sample (I^b. No. 37) represents ran 
of bank of the Marinette sand. 



SiM of meah. 


Pwcwit. 
raUioed. 






40 


36B 


60 








100 . 


9.S2 


100+ 
























Pineness, 92; Specific gravity, 2.50; Porosity, 39.18. 

Menomonie, Dunn Co. — Underlying the surface in this region, 
as veil as at many points to the west and southwest, there is a 
fine sandy loam, which is well worthy of investigation for mold- 
ing porpoaes. This material, which is known as loess is at times 
somewhat clayey, at others more sandy, but always fine grained. 
At MkoonuRue it is well exposed in the pit of the Menomonie 
Hydraulic Pressed Brick Co., No. 3 yard, where it is used as part 
of the brick mixture. The material (Lab. No. 36) has the fol- 
lowing medianicat compositioD : 





Size of mwh. 


Per cent. 
retaiDed. 








8 74 










100 


3 7i 


























FinenesB, 106 j Specific gravity, 2.63; Porosity, 44.95. 
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MUwaukee, MHwavJcee Co. — Thia is the great foundry center 
of WiacoDHin, for the number of these establishmeats located 
here is not odIj very great, but some of the individual vorks like 
thoee of the AUis-Chahnera Co., are very lai^. While theae 
foundries in the aggregate ctHisume a vaat amount of molding 
sand, most of it is obtained from other parts of Wisconsin, and 
and even other states. Indeed it is but natural that a number 
of different grades should be called for, when we consid^ the 
variety of wares cast at the Milwaukee foundries. 

Much sand, however, is obtahied from pits near the lake shore, 
which supply a coarse grade of material suitable for cores or 
large castings. The producers include C. Beck & Co., W. Qrob- 
aohmidt, W. Qutknecht, W}utiiall & Eademaker, H. Wilhelm, G. 
Lund, Milwaukee Sand & Oravel Co., h. Natzen, H. Obert, W. 
Pekel, and A. J. Reiske. Mechanical analyses were made of 
two of these : 

I. A core sand from South Milwaukee, which indicates 
thfflr coarseness. 

II. Core sand from the pit of the Milwaukee Sand & Qravrf 
Co.: 



Size of meah. 


I. 


II. 




6.00 
11 M 
27.76 

8.76 
U.IO 
12.47 
18.62 


































99.96 
51 

2.61 
38.63 






& 















Naenah, Winnebago Co. — There are several produoera of mold- 
ing sand in this vicinity, whose names, tt^ether with the known 
uses of the sands produced are as follows : 

¥. Covert — Sand for g^ieral' grade of machine casting, faced 
with sea coal. 

Gilbert Jtmes — Fine sand for light casting. 
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Neenah Sand Bank Co. — Sand for general woi^ 

R. Pendleton — Sands ranging from coarse to fine, and used for 
oorrespcmding grades of work. The £nest is classed as brass 
aand. 

These Neenah sands while used locally are al&o shipped to many 
parts of the state. 

The following analyses will give some idea of the character of 
the sands obtained in this vi<miity. 



Size of mesh. 


lAb. No. 
96 


Ub.Mo. 
34 


Lab. Ho. 
36 


ao 








S;:::::::::::;:::::;:::::: 


2.08 
20.78 

7.33 
15.06 
38.7038.70 
14.54 
98. .<B 
00 

3,61 
44.76 


.66 
1.8 
2. IS 
1.00 
61.74 
30.66 
90.88 
121 
2.C7 
44.07 




60 












lOO 


ra04 






Total 


90 74 












44 63 







Ho. S6, Collina pit, NMoah. 

Ho. 34, BraM aand. Peodleton pit. 

No. 36, Uedinm aand, same pit. 



No. 26, Collin's pit, Neenak 

No. 34, Brass sand, P^dleton pit. 

No. 35, Medium sand, same pit. 

Pardewille, Cohtmbia County. — Molding saod is dog on the 
Charmely property % mile north of the station and along the 
railroad traek. This sand is a medium to a coarse sand, used for 
general wo^ and the three following analyses are interesting as 
showing the varialion that may occur in the same bank. Not. 4 
and 5 are average samples taken at difEerent times, and repre- 
senting the run of the bank, while No. 10 is a selected sample. 
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BiMo(m«ah. 


i 


6 


10 






1.80 
9.08 
36.68 
7.H 
13.90 
19.78 
U.O* 




40 


.38 
S3. 76 
9.G0 
35.76 
30. 8S 
.36 


6 9a 


ao. 








100 


S3 58 
















90.96 


V 




FioweM 


63 



Badne, Badne Co. — This ia next to Berlin, the most importaat 
molding-sand producing locality in WiaoonBin. The sands are 
obtained near the lake shore chiefl; to the north of the city. 
These deposits consist of Tari-textured sands several grades scane- 
times overiying each other in the same pit. In all cases the 1^>pfl^ 
foot of soil has to be removed before good sand is exposed, and 
in no case are the excavations eztmsive or deep. 

The sands range from core sands to those of moderately fine 
grain, but none are as fine as those obtained from Indiana, Ken- 
tucky or Ohio. 

Three analjraes given below, will indicate something of the 
grades dog near BadncL 

No. 29 is a very fine core sand. 

No. 32, a fine-grained molding sand, for small casttngs; No. 33, 
a coanse sand for heavy castings. 



SixB of mash. 


99 


SS 


33 


SO 










l.Oi 
11.74 

8.80 
38.48 
46.08 

6.60 


.70 
8.64 
1.S8 
7.83 
47.46 
39.44 
















100+ 


IB 90 
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89.74 
86 
3.60 
37.66 


99.74 
136 
2.65 
44.1 


99 S8 


pinen™.::::::::;;;;:::: 








pSrort^v^ .'.:'. :" 


11 16 
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The Racine eands are used for a variety of light and medium 
woA, and are commonly faced with sea coal. Some foundry- 
men mix them with Illinoia and Indiana aands. 

Superior, Douglas Co. — ^A sharp lake sand from Lake Superior 
is naed by U. S, Cast Iron Pipe & Foundry Co., and «mpl(^ed in 
either loam or dry sand cores. About 50 per cent of it is used in 
pipe cores in conjunction with the red sand, and scmie old core 
sand. It makes very porous cores and lets the ga 
easily. Its mechanical analysis was: 



SlM of mMh. 


Percent 
retained. 






40 












00 








oi^:i;;;;.:;;;;:;:;:::::;:;::;::::::;:: ""::;;;;;;;■:: 













Fineness, 63 ; Specifie gravity, 2.61 ; Porosity, 32.50. 

Waukesha, Waukesha Co. — 0. S. Atkinson, snpphes a core 
sand to the Waukesha MaJleable Iron Co., of Waukesha, as re- 
ported by thean. 
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•ott mud brlcki, ISO. 
■tlK mud brickl, 1T». 
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ASeldt'i brickyard, TE. 
Air Bbrlokixe, 24, 4S. 
t«« Ph^Elcal testa. 
AlbuT, N. Y., moldlDB Umd. 224. 
AU ft Sod. 158. 
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AlUa-Cbalmers Co., 244. 
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AnalTsIs, of chemical claja, 10, IS. 

crearo-buTnlng daya, lOfi. 

Dre clay, 13. 

kaolin, IS. 

mold log auid. 220. 

parlDg-brlck clajs, 80. 

ratlooal, IS. 
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residual clajs, 134. 
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ultimate, 11. 
Anal;ala of cIbjb from rkrlon* localities. 

Arcadia, 160. 
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Ban Claire, 120. 

Edgar, 160. 

Grand Rapids, 116. 

Green Ba;, OS. 

HalcfOQ, III. 

Hewitt, 163. 

Iron Bldge, 146. 
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Manitowoc, 69, 90. 
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M«Uor<l, 132, 1T4. 
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Hllladore, 01, 114, 110. 



Analysis of cla;* — coo. 

Hilton, 141. 

Ullwankee, 72. 

FlttsTllle, 120. 

Plstterllle, 1T6. 

Port Wasblngton, 82. 

Baclne, 82. ' 

Shawano, 101. 

Bheboygan, SS, 1T4. 

SIgel Station, 118. 

BprlngTAle, 128. 

Stevens Point, 12B. 

Superior, 104, 106, 168. 

Tramwaf, 102. 

VlPoqua, 146. 

Wbltewater, B7. 
Analysis, mechanical, of molding lait^ 

200, 208, 204. 
Antlgo, brickyards, 103. 

clays, 103. 
Antlgo Clay Co., 103. 
Arcadlfc brickyard, 149. 

Glayt, 149. 
Art potttry, 106. 
Athena Brick « Tile Company, 168. 

brickyard, 166. 

claya, 168. 
Atkinson, O. 8., S4T. 
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Backhausen Brick Co., 94. 
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Beaver Dam Brick Co, 144. 
Beaver Dam. brickyard, 144. 
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Beck A Co., 244. 
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Berlin Band Co., 289. 
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DiBtizedOyGoO<^lc 
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Holland on moldlne und, 221. 
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ary preea, 48. 
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Boft mud, 43. 
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Port AtklDBon, TO. 
Qrand Rapids, 118. 
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Jefferson, 66, 
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Eenoaha. 68, 17S. 
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Lancaster, IBS. 
La Crosse. 148. 
Lake Bbore, 60. 
MadlsoD, 64. 
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Merrill, 166. 

Merrlmac, T3. 

Milwaukee, 73. 

Monroe, 53, 139. 
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New Loudon, 91, 93. 
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Piatterllle, 137. 
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Port Wasblngtoo, 81. 
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RIngle, 130. 

St. Croli Falls, 164, 

BchlelsInEetvUle. 79. 

Bbeboygan, 86, 173, 

SIgel Station, 117. 

Stevens Point, 123. 

Bu rings, 101. 

Viol*. 141, 

Vlroqna, 146. 

Watertown, 68, 

Waupaca, 154. 

Wausau, 160. 

Whitewater, 68. 

Whittlesey, 166. 
Brickyards o( various ownera. 

H, A. Affeldt, 75. 

Antlgo Clay Co.. 103. 

Athens Brick & Tile Co., 158. 

BarkhMsen Brick Co., M. 

W. Barrow, 138. 

Beaver E>am Brick Co., 144. 

Bertel'B, 88, 
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Boetcber, A., 166. 
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Burnham Broa., 73, 
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W. H. Carter, 88, 

Central Wisconsin PreeBed-Brlck Co, 
150. 

Chase Brick Co,, T3. 

Chippewa Falls Brick Co., lOS. 
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J. Davelaar & Sons, 73 
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Door Coonty Ufg, Co!, 102. 

Dorchester, J. T., 156. 

Duck Creek Brick Co. 94. 



Elserman, A. H.. 1S4, 173. 

BIkhom Brick and Tile Company, ST. 

EicelBl<» Brick Co., 102. 
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Freeze, F., 54. 
Ganke'B, 180. 
Gmlner. C, 1S4. 
Grsbovakle, Ed., 103. 
Grind Biwlds Brick CompAn;, 117. 
Greea Bay Brick Co., M. 
GrlQdell Brick Co.. 137. 
Guntber Bras., SI. 
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CbrlatJan Hanseii, 94. 
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C, Helae, 101. 
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HertBfeldt, J., 149. 
Hill, T., 159. 
Jolin Hockey, 94. 
JaQeerJIle Red Brick Co., 141. 
JtfterBon Brick ajid Tile CotnpaDf, 05. 
. KemmeCer Brotbers, 65. 
Kempner'B, ISO. 
KlerweR A Heck, 96. 
P. W. Korleme;er, 79. 
Kraatz Brick Co., T3. 

luman & Scbober, 139. 



trick Co., 123, 166. 
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J. N. Lesalg a Bon, 118. 

D. Hader, 148. 

Manitowoc Cl»r Co., 88. 

UeDomonle Dydraullc Preased Brick 

Co., 162. 
Merrlmac Brick Co., T8. 
Uiller. Chaa. A Sona, 78. 
SljerB', 103. 
Hyen. M. J., 148. 
Myers, P., 166. 
8. Nelson, 101. 
Fabl'a, 145, Vlroqna. 
rabra. A., 93. 
Pabl, E. & A., 149. 
Pabl and Sberry, 141. 
Pluck, J. W., 77. 
Ktformlty Brick Tard, 1S4. 
JobD R bodes, 94. 
River Falls Brick Co., 1S6. 
Rolfers & Alters, 94. 
Roaenbelm. 81. 
SMborn's, 76. 
P. Scbarf, S8. 
Scbnell Bros., J4S. 
Sctaoengaith, A. A.. 1S8. 
J. Scbramke, 81. 
Sbeboygan Brick ft Tile Co., SB. 
Smltb Bros., ICS. 
Tlie SMndard , Brick Co., 73. 



BrlckyardB of various 
Stevens, D.. 64. 
StereDS Point Brick & Constructloit 

Co., 123. 
F. Storm, 98. 

Brick and Tile Company, 



71. 

WlBconsIn Red Pressed Brick Co., 162. 

Zerrener Bros., 91. 

A. Zlmbal & Sons, 8G. 

O. Zlmbal Brick Co., 173. 

F. Zurbeld Brick Co., S5. 
Brownrlg, J. W., 73. 
BruDS, C, 241. 
Bnckley, B. R-, quoted, 49, BO, 52, 9), 

112, 12T, 146, 171. 
Bunington Brick and Tile Company, 62, 

173. 
Burlington, brickyard, 62. 

clays, 82. 

molding sand. 239. 

Blip Clays, 173. 
Burn bam Broa., T3. 
Buss, H. D., brickyard, 78. 
B. Y. No. 1 moldlDg sand. 2S7. 
Brickyards at varioua places. 



Calelte In clayi, 10. 

Carbon, tlfect on clay. 20. 

Carter, W. H., Brickyard, 86. 

Case Threshing Machine Company. 221. 

Cedar Bend, brickyard, 60. 

Central Wlaeonsln PreBsed-Brlek Col, 

ISO. 
Cbarmety, molding sand, 245. 
Chase Brick Co., T3. 
Chemical analysla, tee AnalfSl*. 
China clays, 41. 
Chippewa Falia Brick Co., 160. 
Cblppewa Falls, brickyard, 166. 

clays, 165. 
Cincinnati shale, distribution, 49. 

OakQeld, 83. 

origin, 4. 

Stockbrldge, 87. 
Clays, dnalfsli irf, ID-IS. 

aoalyseB, 13. 

Chemical aoalyals, lee Analysis. 

ball. 40. 

boulder, B, 49. ' 

color. 6, 37. 

eoDcretlona, 8. | 

cre«m>buTalDg, analyses of, lOSL 
occurrences of. 53. 
physical properties of, 108. 



iT,Goot^lc 



Claris aaalTit* of, 
Ubl« of test*, 
<UM of, 108. 



CUra, Biiamta oC 
Uls. S8. 
vlilte-biinilnA o( nfrutorr 



aan aeconnt ^, team ruloni » 



Inw olM«, 14. 


Antt«o.e8. 


liDM, IS. 


Arewlla, 14». 


IMglwIll, 18. 


Athens, IBS. 


•llica. 14. 


Bearer Dam, 14I. 


■iilphat«% 20. 


Berlin, 14T. 


tituiiDin, 10. 


Black Blrif Falls, 18B. 


water, 1». 


BUaehardTllla. 118. 


Mtoarioe, 4, 01. 


Burlington. 82. 


lire, 40. 


Chippewa FalU. 185. 


toalbllltT. 26. 


aintonTllle, 108. 


KladH. 48. 


Cuba City, 186. 


Unda, S8. 41. 


Dedham. 108. 


faoIlo« ware. S9. 


Durand, 106. 


lake. 00. 


Baatwln, Sa 


leaching of, 6. 


B*u CUlr* I2T. 


marliM, 4. 49. 


Edgar, 1B9. 


mlnfcreU la. 1, 10. 


Bdgerton. 64. 


mlnlDK of. 42. 


Elkhart, 86. 


moldlnK. 43. 


Elkhorn, ST. 


paper, 41. 171. 


BllsworOl. 106. 


■paTlng-bricfc 89. 


EndeaTor, 82. 


tea P«vlng brick. 




-pressed brick. 


Pond da Lac, 14T. 




Forestrllle, 102. 


-physical tests, sea Physical testa 


Fort Altlnsoo, 69. 


plasticity, 22. 


Oimaa Baplds, 116. 


pottery. 


aranyllle, TO. 


-prectlcM tests on, 188. 


Oreen Bay. 04. 104. 


.primary, 2. 


Halcyon, 111. 


-properties, examination, T. 


Hewitt. 1B2. 




eortcon, TT. 


table of tests. 168, 


Independence, 14». 


-Md-burnliiB aurtace. phjslMrt tt«t« of. 


Iron Ridge, 144. 


les. 




table of tests, 168. 


Jefferaon, 80. 


lealdual. lOS. 


Kaokauna. 93. 


geology of WlaconslD. 47. 




occurrences of. 110. 




tablf of tests. 168. 


Kewaunee, »8. 


»ee Residual clay. 


La Crosse. 147. 


secondary, 3. 


lAke Bnnla. 110. 


states tea State 


Lancaster, 188. 




LtsUe, 188. 


tOatlng. ST. 


MadlBon, 64. 


■lip. 111. 


Usnitowoc 8S. 


■Up see Blip dsys. 


Marshfleia, 150. 




Mscomanle, 142. 


tempering, 48. 


Medfotd. ISl. 


tenalle streneth, 22. 


Menomonle, 162. 


texture, 8T. 


Merrill, 166. 



iCooi^le 



ClBfi, aMooBt 4rf, from r^rloai 

M«nliw, US, IM, 
Kanlnw, 78. 
MUlmdora. M, lis. 
Milton, ise. 
MUmnkM, Tl. 
ttonuM, SB, IBS. 
N«Uimilfl^ 160. 
N««ub-ll«ntslia, M. 
Now LoBdoo, 91. 
Oakland. 88. 
Flttrrllla, lie, 18S. 
Plain, 14S. 
PlatUrllle, 18T, 186. 
FljmoDtli, SS. 
Fortajw, 76. 
Pwt WaahlngtoD, 81. 
Baelne, 60. 
Bmdibarg, 14S. 
Blcbland Crater, 141. 
BtDSle, ISO. 
BlT«r Falla, 1S6. 
aehlelilniarrUli^ 7». 
ScboU'i Bpiir, 107. 
Bhawano, 89. 
SbBborsan, 83. 
BIsel Station, 117. 
Bouth Centralla, IIB. 
SprtDsralc, 122. 
SprlDg Vallej, 168. 
St. Croli F^llB, IM. 
BteveDB Point, 123: 
Stockbrldgc. 8T. 
B^irlnga, 101. 
SapcrloT, 108, 167. 
Tomab. 118. 
Tramwa;, 161. 
Viola, 141. 
Tlroqna, 14G. 
Wfttertown, 67. 
Waupaca, 164. 

Waaaan, 160. 

Whitewater, 6B. 

WIttlner. 168. 
CIlntoDTlIle, claja, 168. 
Colllna moldlDS aand, 24G. 

brick. 14. 

lee PbraEcal tcatt. 
Color of cla;>. 5, 87. 

etrect of Iron, IB. 

elTect of lime, IT. 

tSect of tltaolam, 18. 
Common brick claya, SS. 
Cancrfctlona. 6. 
Cone, Orton, 28. 

8«ser, 28-26. 

tcott, 86. 



Cora aand, 224. 
analjat*. 222. 
M* M dMIbk MSd. 

Cordca, L. H. * Co., 68. 

Co»«rt, F., 244. 

Crandall, William, 288. 

Cianey, W. J., brlckjard, 68, 178. 

Cream-bamlDK clara, analjna of, lOB. 

claja, ocennaieea of, 68, 104. 

pbjalcal propMtlei of, 106. 

aammary of propertlaa of, 107. 
Uble of teata, 160. 

otea and propertlM, IDS. 
CrnablnK teat, 176. 

tw Pbyalcal teata. 
Cnba Clt7, brickraid, 186. 

claja, 186. 
Cnrtla, H. H., 240. 
Ciaplswlaki, J., 126. 
D«T(ilaar, J. It Bona, 78. 
Dcdham, clarK 108. 
Dolomite Id elaja, 10. 
Dombrack. AoKnit, brlekTari, 104, 
Door Count; Hfg. Co., 102. 
Dorebeatcr, 3. T., Drlckyard, 16a 
Douchateaa Bro*.. brlcl^ard, 1E4. 
Draln-tlle elaji, SS. 
DT7-preaa procaaa, 44. 
Duckcreek Brick Co., 84. 
Durand, brickyard, 156. 

cla;a, 166. 
DjCa special aand, 281. 
Bartbenware clayai *0, 171. 
Elaatwln, brickyard, 68. 

clay, 88. 
Ban Claire, claya, 127. 

aalre, wblt« clay, near, 171. 
Edgar, brickyard, 169. 

claya. 169. 
Bdgerton, brickyard, 64. 

clay a, B4. 

■ennaa, A. B,. brickyard, 164, 1T8- 
Blkbart, clayi, 86. 

Elfcbom Brl(4 and Tile Company, 61- 
Blktaorn, brickyard, ST. 

claya. 6T. 
Bl Is worth, clay, 166. 
EndeBTor. clay, 82. 
Eitaarlne claya, Bl. 

srlllf, molding aand, 240. ' 

BxamtnatloD of clay propertlea, 7. 
Bicelslor Brick Co., 162. ] 

Falrwater molding >and, 240. 
Feldapar In claya, S. 
Fennlmore, clay. 138. 
FerguaoD. James, 230. 



analyali, 18. 



asyGooi^le 



to. 

properties, 40. 
FlreprooflDc IM. 
Tire ihrlnksge. IT, 2B, 46. 
Flood piftlu c[>ra, orlfln, 0. 
Tond da Lac, brlckr*'d, 147. 

cUjB, 147. 
Foreatrllle, cla;>, lOS. 

brlckrard, 102. 
roft Atklneon Brick Vis. Co.. 70. 
rwt AtUiuon, brick^aid, 70. 

cls7B, 69. 

molding nnd, 240. 
roater, 8., brickyard, 14S. 
Fretae brIckTard, S4. 
raalbtlltr. of clajE. 26. 
PnalDS point, ot daya, 2T. 



Hewitt, timjr. 1S2. 
Hill, T., brtckjud' ISS- 
Hockcr, Jobn, brickjATd, M. 
Bollow-ware clays, St. 
Hopper, C. V., 176. 
Hord, C. W., 216. 
Eorieon, brickyard, 77. 

clay», 77. 
Hornblende In clays, 10. 



Indtpendeuee, brickyard, 149. 

clayi, 149. 
Indiana moldlDg sand, SSI. 
Iron in clays. 0. 

1 oxide, effect ot, 14. 
Iron Bldce, claTi^ 144. 



Oftllap, F. L., 196, 224. 
Garden City Bsnd Co., 3S3. 
Garnet In clays, 10. 
Qsnke-s bHckyard. 160. 
Oerb«^Il, R., 161. 
Glacial clays, geology, 48. 
Olenwood, clayi, 171. 
Omlner, €., brickyard, 164. 
Goodrich farm, 140. 
Gmbowstle, Bd., brlckysrd, 108. 
Grand Saplds Brick Company, 117. 
QniDd Baplds, brickyard, 118. 

clays, lie. 
Granville, brickyard, 71. 

Qreen Bay Brick Co., 94. 

brickyards, 94, 164, 178. 

cl*ys. 94. 164. 

molding sand, 240. 

slip clajt. 173. 
Oclndell Brick Co., 187. 
Grobscbmldt, W,, 244. 
Groa. 26. 

Qnntber Bros, brickyard, 81. 
Outknecbt, W.. 244. 
GypBum In clays, 10. 

Halcyon, clays. 111. 
Halbenleben's brickyard. 14E, 
Hamilton Co., molding sand, 28T. 
Hansen. CbrlatlBii, brickyard, 94. 
Has*. H. O. A Bro.. brickyard, 147. 
Hstatid, W. B., 240. 
Haien, C. E.. 23S. 
Helse. C, brickyard, 101. 
Berrlck molding sand, 236. 
HCTvey, clays, ITI. 
Hertafetdt, ]., brickyard, 149. 



JanesTlIle, brickyard, 141. 

clays. 141. 

molding sand, 340. 
Janearllle Bed Brick Co., 141. 
Jefferson Brick and Tile Comp^Dj, 68. 
Jefferson, brickyards, 66. 

clays, 66. 
Joint clay, 13T. 
Jonw, O., 244. 



Kaolin, analysis, IS. 

Id the central rMldnal area, 171. 

color, 19. 

origin, 8. 
Karmash & SMierweIn, on molding sand, 

189. 
Eaakauna. brickyard, 94. 

clays, 93. 
Kemmetei Brotbers, es. 
Kempner's brickyard, 186. 
Ktnogha brickyards, 6B, 17S. 

molding sand, 241. 

slip clayi, 178. 
Kentucky molding sand, 2S4. 
Kewaskam. brickyards, 79. 

clays, 7S. 
Kewaunee, brickyard, 98. 

clsya, 98. 
Klerweg & Heck, brickyard, 98. 

I, kind of, 46. 
King, P. H., 211. 
Knevel, W. H., 185. 
Kortemeyfcr, P. W., brickyard, 79. 
Kruti Brick Co., TS. 
Kuster, Bauman, and Bchober Brldk- 
yard, 63, 189. 
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lA CroiM. brickrarda, 14S. 

clmrs, 147. 

DuddlDK sand, 241. 
Lake clafi, 4, SO. 
Lake BddIb, clija, 110. 
Lancaiter. brickyard, 188. 

clan, 1S8. 

I^DSenbers Brick Co., 12B, 166. 

LarMD, Cbarlea, brlckrard, 99. 

IieaeblQK of clay, 6. 

LeiKbtOD, u., 106, 234. 

[/tQber, Victor, IIT. 

LcmU a Bon brickyard, 118. 

Ufe, maldlDg Mud, SIB. 

Lime, effect on clayi, 16. 

Loen clBja, 1S6. 

Loos, PUtterllle, test of, 180. 



Hackle, S., £3«. 

Uader, D.. brickyard, 148. 

HaVlKin, brickyard, 64. 

moIdiDg Mud, 20S. 242. 
Ua^cslft, efftct oa claya, 18. 
UaDltowoc, brickyard, 90. 
Ifanltowoc Clay Company, 88. 

clayi, S8. 
Xaqaofaeta ahale, S9, 18B, 

ealclte In, 10. 

dlatributloD, 49. 

map of, 40. 

BhrlnkRKe. 2U. 

teat of, 180. 
UBrlne clays. 40. 
Uarlnette molding uad, 243. 
UarabBeld. brickyard, IDO. 

clay I, ISO. 
Hasalllon. Ohio, moldlns sand, 237. 
Head, J. H., 180. 
Me^ow, W.. eS. 
Hecbanlcsl Boalyals, molding sand, 200, 

203, 200. 
Mtdford. clBji, 131. 

■lip clays, 174. 
MenaBba. see Neenab-UeDBih*. 
Uenomonle, brickyards, 182. 

HenomoDic Hydraulic PreBMd Brick Co., 
162, 224, 243. 

moidlQK rand, £43, 
Herrelt, P. H., 00, 113, 122, 125. 1S2. 
Htrrlll, brickyards. ISe. 

clays, 166. 
Herrillan. clAys, 112. 

abale from, teat of. 180. 



Merrlmae Brlek Co., TS. 
Merrlbisc, brickyard, T3. 

HlcB In clayi, 8, 18, 20. 

Micbaela, T., 280. 

Mlcbaels, W., 230. 

Mlcblgan molding wnd. 2S5. 

Mllladore, claya, 90, 118. 

Miller, Cbarles k Bona, brickyard, 78. 

Mlltmore quarry, 224, 241. 

Wlto, elsya, 139. 

UlIwBukee, brickyards, TS. 

clays, Tl. 

molding sand, 244. 
MUwwikeo Sand & Qrarel Co., 244. 
Ulneratogy, molding sand, S2S. 
Minnesota molding sand, 286. 
Mitcbell, A. 9., 91, 114, 128, 125, 108. 
MItcbell, Naah, 110. 
Modalna of rapture, 1T7. 
Monroe, brickyards, S3, ISO. 

clays, ISO. 
Morrla, C. 8., 147. 
Myers' brickyard, 103. 
My era, M. J., brickyard, 148. 
Myers, P., brickyard, 166. 
Molding sand, analysis, 200. 

bonding power, 217. 

cbemlcai analysis, 220, 

flneneaa, 214. 

life of, 21B. 

mlDcralogy, 226. 

permeability, 200. 

poroalty, 214. 

refractoriness, 216. 

residual. 226. 

sedimentary, 22a 

specific gravity, 214. 

tensile strengtb, 2 IT. 

texture. £02. 

value of, 228. 
Molding sand of rarloas loettlltlM. 

Albany. N. T., 224. 

Altoona, 288. 

Belolt, 238. 

Berlin. 224. 238. 

Bnrllngton. £30. 

GranHVllle. 240. 

Falrwater, 240. 

Port Atkinson, £40. 

Green Bay. 240. 

Indiana, 20S, £81. 

JaDeerllle. £40. 

Kenosba, 241. 

Kentucky, 234. 

L* Crosse, 241. 
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HUnokM, S44. 
Hlninaota, SM. 
Necnmb, 224, S44. 

Obto, las. 
PudMTllle, 2U. 
BAdii^ !4S. 
SUrcrton, 241, 
BaiMrlor, 234, 247. 
Talpualao Ind., 288. 
WBDknti^ 247. 

NWtatD, L., 244. 
Natnah-lfcnartia, brlt^Tudi. 8S. 

cUjai, 84. 

BUridtnc isiid, 224. 244. 
Kosuli Sand Bank Co., 240. 
NeUimUt^ brIekTWd, 108. 

Clara. 158. 
Nelaon, ft, briekyaTd, lOi. 
New AltMii7, 281. 
Nawbenr, B. B., 116. 
Nair LoDdoD, brlekrarda, Bl. 

etaji, 91. 
Nawport, Kj., molding Mod, 284. 
Newport Sand Comitanr, 228. 
..ortb Point brtckrard, 6a 

Oakfleid, eU.71, 88. 

ObMt, H., 244. 

Ohio molding tand, 2Se. 

Onondaga Vltrllled Brick Co.. 1S9. 

Organic matter In day, 20. 

Orton conM, 29. 

Qnarts In clara, 8. 

Fahl'a brickTBTd. 14S. 
Fabl, A., brickyard. 68. 
Pahl, B. * A., brlt^kjard, 149. 
Fabl ud Bhenr, 141- 
Paper clay. 41. 

Pardeerllle, noldlng sand, 24S. 
P&Tlng-brlck cla;a, 89. 

analyali, 89. 
Pavtag brick. 188, l«a 
Fekel, W., 244. 
Pendleton, R., 240. 
PermeablItT, moldlDg eand. 209. 
Fb;slc»l InU, abaorptlon. 178, 1B4. 

craablng strength, 176, ISS. 

cresm-buralog c1b;i, 106. 

Ifaqaoketa shaU, ISS. 

red-barnlDK aurface claja, 168. 

reeldnat clara, 110. 

traDBverse atreogth, 177, 1S4. 
1 of, 178-189. 



Pbraleal teat ta eUfa trmn Tartooa 1^ 
calltla : 
Antlgo. 108. 
Arcadia, 149. 
Athena, 1S9. 
Bekrer Dam, 148. 
Blanchamnuc. 1S8. 
BoTllngtoD, 63: 
Cblppews Falls, 16B. 
CUDtOBVllle, 1S8. 
Cuba Cltr, 186. 
Ihuwad, 1B7. 

Btoa ClalTC, 128, 129, 180. 
Bdsar, 160. 
Eldcerton, B4. 
Blkhoni, 67. 
Ellaworth, 1S6. t 
Endeavor, 82. 
Fond do Lac, 147. 
Fort Atkinson, 69. 
Qnud Saplda, 118, 119. 
aranTllle, 70. 
Balcfon, 111. 
Qrcm Ba;, 90, 96, 100. 
Bewitt, 1B2. 
Horlcon, 77. 
Iron Ridge, 144. 
Jefferson, 66. 
KankkaiUL, 93. 



Kewaskum, 79. 

Kewaanee, 98. 

La Croese, 148. 

Lake Bnnia. 110. 

Madison. 64. 

Manitowoc. 89. 

Uarshfleld, 101. 

Maiomanle, 142. 

Medford, lai. 

Menomonle, 168, 164. 

UerrlllBD 112. 

Merrlmac, 74. 

Hllladore, 91, 114, 110. 

Ullton, 189. 

M[[waake«. 72. 

Monroe. 63, 139. 

Neenah-UenasbB, 86. 

Netllniiie. 108. 

New London, 02. 

Oakaeld, 83. 

PlttSTllle. 110, 120, 121, 122. 

Plain, 143. 

Plattevllle, 1ST. 

Plymontb. 86. 

Portage, 7B, 76. 

Port Washington, 81. 

R(«d«burg, 142. 



:vC00<^lc 



^ 181. 



Scboia't Spur, 167. 

Shawano, 100. 

BhHMrcwi, H. 

81g«I Btatloa, US. 

Bprlngra]*, 122. 

Staniu Point, 110, 124, 12B, 128. 

StockbrUgB^ BT. 

Boperlor, lOS, 168. 

Sorinv, 101. 

ToDuh, 146. 

Tnmwaj, 163. 

TloU, Ml. 

WaUrtown, 68. 

WMuan, 160. 

Wbltcfratcr, SS. 

WblttlcMT, 166. 

Pltt«*lllfc Clara, 119, IM. 

FUln, cUn, 14S. 

naatldt;, 23. 

nd-bamlnK (artacs clan 168. 

fMlCtnal claja, 182. 

•M PbTtlMl tsaU, and UblM. 
FlatMrllle, brickraid, 187. 

loaaa. teat of, isa 

rilp dan 174. 

dajB, 137. 
Plodc. J. W., brickyard, 77. 
Pljmootli, etar*. 8G. 
Poroaltj, moMlDB tuoS, SOQ. 
Fortaga brickTaidi, 7B> 

Fort WBBhtnffton, brtckratda, 81. 

Potterj, *rt, 108. 

Pottery clay, 13», ITl. 

FrMsed-brick clays, 88. 

*M areen Bay, MeDomonle, Mllwaoliee 

Pyrometer, 25, 

Fyroieoe In clayi, 10. 



Badpe, brlcbyud, 60. 

molding land, 246. 
Bed and bromi'bartilog claya, 109. 
B«d'banilnB anrface elaya. anitytw, 170. 



e or t( 



I, leg. 



IM Physical t 
physical teita of, 168. 
plaitlclty, 168. 
Beedaburs, brickyard, 142. 
clay*, 142. 



BaformatoTy Brick Yaid, 154. 
Bafractorlu«M, molding aand, 310. 
BalAa, A. J., 244. 

B«aldDal claya, 109. 

analyita of, 184. 

I«olO|y tit, 47. 

occurrancea of, 11& 

<^gln, 2. 

plaatldty, 182. 

•onunaiT of proparUac, 182. 

taU« of tMt%— 
BealdnaJ molding fti*^*^ 336. 
Bhodea, John, brld^ard, 84. 
Blehland Cantar brickyard, 141. 

claya, 141. 
Blemer, J., 24a 
Blnglft. brickyard, 180. 

claya, 180. 
BlTM Faiia, eUya, 166. 
Blrer Falia Brick Co., 1S6. 
Bo<±ton, lU., molding nnd, 306, 234, 

28a 
Roflen * Albua brickyard, M. 
BoMnhdm, tttlchyard, 81. 
Huptnn, modolni of, 1T7. 



Bt. Croix EWia, brickyard, 164. 
Bt. Jamea mining land, 28S. 
SaJibom't brickyard, TS. 
Scbuf, P., brickyard, 88. 
Schlelglngerrllle, brickyard!, 78. 

day^ 70. 
ScbnelE Broa,, brickyard, 148. 
8cho«ngarth, A. A., brickyard, IBS. 
Schramlie. J., brickyard, 81. 
SchaU'a Spar, clay^ 167. 
Scott, W. O., 202, 221. 
Sbdlmtotary clay, 8. 
Sadtmantary molding aand, 22a 
Heger conea, 38. 
Shale, origin, T. 

taUe of teata, p. — . 

Shale. Clndonatl, aea Clnclonatl Shal«, 

Shale, HaqaokAa. aet: HaqatAata abala. 

Shawano, days, 98. 

SbeKer, I. S., SOB. 

Sheboygan Brick & Tile Co., 88. 

Sheb<^gBn, brickyard!, SS, 178. 

claya, SS. 

Blip claya, ITS. 
Sherman, O. A., 125. 
Shrinkage, 34. 

creaiD-biimIng clayi, loa 

Are, 4a 

residual daya, 182. 

aee claya, pbyalcal teala, and Tables 
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Slxel Station, brickjaid, IIT. 

claya. 117- 
Slllca. (ffect OD elart, 14. 
auvertou molding suid. 2*1. 
Staking of elA;*, 3T. 
Slip clBjs. 41, 108, ITl. 

snal;ses, 172. 

BurllnKtoD, ITS. 

Oreea B«r, 178. 

Ued/ord, 174. 

Plat term «, 174. 

Sbabojsaii, 8G, 173. 
Smith, B. O., 80. 

KenoibA, 60, 173. 
Smith Brna., brlckjranl, IBS. 
Boft mud bricks, 48. 

tee cla;a, FhyslMl tMtg. 

table of tteU, 182. 
Soluble aalts, amouDt of, 21. 
South Centraiia, cla;. 110. 
Specific gravltj, motdlDg taud, 214. 
Spencer. H. S., 2Se. 
Sprtns VallsT, ciajB. 1S8. 
Sprlngrale, ctaTS, 12Z. 
Standard Brick Company, 78. 
Steam Shovels, nie of. 42. 
SteTene' brickyard. 64. 
SteTenB Point brick aod CODatractlon 

Co.. 133. 124. 
Stevena Point, brlekyarfla. 128. 

Stltt mud brickg. 44. 

Uble of testa, aee Clays, Phyalt 
teata. 
StockhcIdBe, clay a, 87. 
Stoneware claya, 40. 
Storm, P., brickyard. 88. 
SulpbaCea, efftct on claya. SO. 
Superior, clays, 103. 187. 

moiaioe aand. 224. 247. 
SurlngB, brlckfkrda, 101. 

claya, 101. 

Tempera turea, determination of, 28. 
Tempering claya. 43. 
TenallB atrength. 22, 

cream -burnlUK clays, 106. 

molding Hand, 21T. 

residual claya. 182. 

table of Itala, 1S2. 
Terra cotTa claya, 40, 133. 
Teiture of claya, 37. 
Tile, 108. 



OcanTlIlc 71. 

Jefferson, 67. 

Oaklleld, 83. 

Plymouth, 86. 

Port Washington, SI. 

Stockbridge, 88. 

Whitewater, SO. 
Titanium, offeet on dayt. 18. 
Tomsb, d«y«, 148. 
Tramnay. clays, 161. 

ayersg strength, 177. 



I. Cast Iron Pipe h ronndry Co., 



Valparalao, molding sand, 203, 2SS. 
Tkd Hagen, Ii. P., 176. 
Van Laanen, John, brickyard, 94. 
Viola, brickyard, 141. 

clays, 141. 
Vlroqoa, brickyards, 14S. 

clays, 14B. 
Vlacoalty. 27. 
Vltrlncatlon, 27, 4S. 

Walah ft Bon, 2BB. 
Wanatab molding aand, 288. 

ater. effect on clay. IS. 

aee Fbyalcat teata. and tables of tcftii 

aterford, 111., molding sand, 206, 220. 

atertown, brickyard, 08. 

clays. 67. 
Waukesha Malleable Iron Co.. 247. 
Waukeaha molding Band. 247. 
Waupaca, brickyard, 154. 

claya, 1S4. 
WSuaaa, brickyard. lOO. 

clays, 160. 
Wella' property, 80. 
Wendt. T. W., 289. 
Wheeler, referred to. 39. 
White & Traugott, 238. 
White-burning claya ot refractory cfaar- 

er, 171. 
WblteBtld. W. v., 238. 
Wblttet Brothers, brickyard. S4. 
Wtaconsln Red Presaed Brick Co., 163. 
Wisconsin allp claya. 172. 
Woodruff, H. W.. 240. 
Whittlesey, claya, 168. 
Wllcol ft Co.. 238. 
Wllhelm. B., 244. 
Wlllard, H. H.. 142. 
WlacoDsIn Brick and Tile Company, 7L 
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WMtaaU * BUwukw, 244. 
WUtowaler Brick * Tll« Cempur, SS. 
watewfttw, brickyard, U. 



Z*o«a*IUB noMlOK nnd, 289. 
ZerrcDer Bros., bridEjMd, 01. 
Zlmbal, A., A Sons, 89. 
Zlmbal, O. Brick Co., brlckywd, 17S. 
ZurheU, F. Brick Co., 85. 
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PUBLICATIONS 



If iscoisio Geological and Satural Istory Snrrej. 



The publicatioiui of the Sarrer are issued aa (1) buUetina, which are 
numbered coosecutiTelj, (2) biennial reports, and (3) hydrographlc maps. 
Theee publicationa are indapendeatly paged and indexed, do attempt being 
made to group them in Tolumea. 

1. BuixBrma. 

The bultetina are issued in three series: 

Soientifio Seriea. — The bulletins so designated consist of orinnal ccm- 
Cribntiooa to the geology and natural history of the state, which are of 
scientific interest rather than of economic importaDCe. 

Eoonomio Series. — This series includee tiiose bulletins whooe interest 
is chieflj' practical and economic. 

SduoaCiOTial Seriet-— The bulletins of this series are primarily de- 
signed tor use by teachers and in the schools. 

The following bulletins have been issued: 

Bulletin No. I. Eaonamie Series No. 1. 
On the forestry Caaditions of Northern Wisconsin. Filibert Roth, 
Special Agent, Uaited States Department of Agricaltara. 1893. Pp. ri, 
78; 1 map. Out of print. 

JivUeHn No. II. Soienli/to Series No. 1. 

On the Instincts and Habits of the Solitary Waips. George W. Feck- 
ham and Blizabeth Q. Peckham. 1893. Pp. iv, 241; li plates, of 
which S are colored; S figures in the text Sold at the price of tl.50 in 
paper and 13.00 bound. 

Bulletin No. Ill, SoienClfie Seriet No. >. 



Bulletin No. TV. Eoonomio Series No. S. 
On the Building and Ornamental Stones of Wisoonsin. flrneat Robert- 
son Buckley, Ph. D., Assistant Oeolo^ist Wiscousin QMlogical and 
Natural History Survey. 1993. Pp. ixvi, Gil; 69 plates, of which 7 are 
colored, and 1 map; 1 figures in the text. Sent on receipt of 30 cents. 
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Bulletin No. V. Educational Seriet No. J. 
The a«ograph7 of tlie Ibtgion About Devil's Lake and the DoIIm of th» 
ffiscoDsin, vith Bome notes on its surface Keolcwy. Bollin D. Saliaborr, 
A. M., Professor of Geographic Geology, Univeraity of Chicago, and Wu- 
lace W. Atwood, B. S., Assistant io Oeolog;, UniTersitf of Chicago. 1000. 
Pp. I, Ifil; 38 plates; 47 Sgures in the text. Out of print. 

Bulletin No. VI. Economic Seriet No. 3. Second Edition. 
PrelimiQaryBeport od the Copper-bearing Rocks of Douglas cono^i 
and parts of Washburn and Bajnetd counties, Wisconsin. UlTsees Sher- 
man Orant, Ph. D., Professor of Geology, Northweatem Universitj. 1001. 
Pp. Ti, 63; 13 plates. Sent on receipt o( 10 cents. 

Bulletin No. VI f. Eoonomio Series No. 4. 
The Clays and Clay Industries of Wisconsin. Part I. Ernest Botiert- 
son Buckley, Ph. D., Geologist, Wisconsin Geological and Natural Eifitorj 
Survey. 1901. Pp. zii, 301; 55 plates. Sent on receipt of 80 cents. 

Bulletin No. VIII. Educational Series No. ». 
The Lakes of Southeastern Wisconsin. N. M. Fenneman, Ph. D., Pn>- 



BuUetin No. IX. Economic Series No. S. 
Preliminary Report on the Lead and Zinc I^eposits of Southwestern Wis- 
consin. Ulysses Sherman Grant, Ph D., Professor of Geology, North- 
western University. 1903. Pp. viii, 103; 2 maps; S platm; 8 figures in th» 
tsxt Out of print. 

Bulletin No, X, Economic Series No. 6. 

Highway Conatmction in WiscnnsiD. Ernest Robertson Buckley, Ph. D., 

State Geologist of Missouri, formerly Geologist, Wisconsin Geological and 

Natural History Survey. 1903. Pp. zvi, 339; 106 plates, including aS 

maps of cities. Sent on receipt of 30 cents. 

Bulletin No. XI. Economic Series No. 7. 
Preliminary Report on the Soils and Agricultural Conditions of North 
Central Wisconsin, Samuel Weidman, Ph. D.. Geologist, Wisconsia 
Geal<«ical and Natural History Survey. 1903. Pp. viii, 67; 10 plates, 
IncludiDg soil map. Seot,paper t>ound,onreceiptof lOcente; cloth bound, 
20 cents. 

Bulletin No. XII. Scientific Series No, S. 
The Plankton of Idke Winnebago and Green Lake. C. Dwight Marsh, 
Ph. D., Professor of Biolt^, Ripon College. 1903. Pp. vi, 04; S2 plates. 
Sent, paper bound, on receipt of 10 cents; clotb bound, S6 cents. 

Bulletin No. XIII. Economic Series No. 8. 
The Baraboo Iron-bearing District of Wisconsin. Samuel Weidman, 
Ph. D., Geologist, Wisconsin Geologieal and Natural History Survey. 
1001. Pp. z, 190; 33 plates, including geological map. Sent, paper bound, 
on receipt of 10 cents; cloth bound, 20 cents. 
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Bulletin Ifo. XIV. £conomie Serieg No. 9. 

Be]Mrt DO Leckd and Zinc Depoaita of WisooDsin. Ulyases Bhermao 

Grant, Ph.D., Professor of Geolosy, Northwestern Uoiversity. 1906. 

Pp. ii, 100; 8 plates; 10 figures in tae t«it; and an atlas contaiQlDg 18 

maps. Sent oo receipt of 20 cents. 

Bulletin No. XV. Heonomio Seriea No. 10. 

The Clays of Wiaconsin anil Their Uses. HeiDrich Riea, Ph.D., AaaiHt- 

ant Professor of EcoDomic G»olcgy, Cornell University. 1906. Pp. xii, 

2S9; 30 plates, iDcludiog 2 maps; 7 figures in text. Sent on receipt of 18 

cents. 

In Prtu. 

XVI. The Qeokwy of North Central Wisconsin.' Samuel Weidman, 
Ph. D., Gcolo^iHt, WiBCdDsin Geological and Natural History Survey. 

XVII. The Raised Beaches of Eastern Wiaconein. J. W. [Ooldthwait, 
Ph. D., Instructor in Physical Geography, Northwestern University. 

XVIII. TheRoftdaofWiBeoosin, W. O. Hotchkias, B. S., Economic 
Geologist, Wisconsin Geological and Natural History Survey. 

1. BiBKNIAI. RBPORTS. 

The Survey has published four biennial reports, which relate to admin- 
istrative affairs only and contain noscieatihc matter. 

Firiit Biennial Report of the Comoiissionere of the Geological and Nat- 
ural Hislory Survey. 189ft. Pp. lil. 

Second BieDnial Report of the Commiaaioners of the Geological and 
Natural History Survey. laOl. Pp. ii. 

Third Biennial Report of the Commisaioaers of the Geological and Nat- 
ural History Survey. 1B03. Pp. 35. 

Fourth Biennial Report of the Comtnissioners of the Geological and 
Natural History Survey. 1901. Pp.42- 

3. HydbographicMaps. 
There have been prepared hydrographic maps of the princiTial lakes of 
soulfaern and eastern Wisconsin. This work is in charge of L. S. Smith, 
C. M., Assistant Professor af Topographic and Geodetic Engineering, 
University of Wisconsin. 

The maps are as follows: 

SiuofPmte, Seals, Incbu CoDtoor In- 

laelies. per mile, terrsl, FoeU 

No. 1. LakeGflDDTa 17 SilO.S S 10 

No. 2, ElbhartLskB IS.SllS.l S 10 

Nd S Lake KaalBh... 22 SiSO 6 10 

No. «. OconoiDOWoc-Wankeeba Lakes ZS.SilB.l 2 10 

No. E. The Chain of Lakea, Waupaca 2I.7iHI.B 8 10 

No e. SelaTaDand Landerdale Lak^.... tS-MlB S 4 10 

No. 7. Green l*kB M OilT.g 3.1 20 

No. I. Lake Uendota ■a.liVt.i t t, 

No. 0. BiKCsdarLaka is.0i1».!l Z.9 10 

No. 10. LskeUonoDB 17.0x17. S t i 

In all of these maps the depth of the lakes is indicated by contour 
lines, and by tints in all except No. 1. They are sent on receipt of 15 centi 
each, except Nos. i and 8, for which 20 cents are required. They may Im 
had either mounted in a manilla cover, or unmounted. 
All correspondence relating to the Survey should be addressed to 

E. A. BiBOB, Direofor, 
Madison, Wis. 
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